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On county roads in Maryland, this ‘Caterpillar’ Diesel Auto Patrol does a 
complete maintenance job at a fuel cost of only 73 cents per mile of road 


completed. Between maintenance jobs, it brings its welcome cost savings to 
light construction work or snow removal. 


Combining the power and low cost of the “Caterpillar’’ Diesel Engine 
with the inbuilt strength and accurate control of “Caterpillar” road machin- 
ery design, this Diesel Patrol is first choice on the country’s roads—doing the 
job better in fewer trips, providing more miles of good roads for limited 
budgets. There’s a “Caterpillar” dealer near you. Caterpillar Tractor Co., 
Peoria, Illinois, U. S. A. 
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PEAKING recently at a convention of Structural 
Clay Products, Inc., Charles Wheeler Nichol, Chi- 
cago architect, made a point concerning construc- 

tion practice that often is overlooked in appraising the 
skill and responsibility of those who follow it. 


He reminded his hearers that most mechanical pro- 
ducts are produced only after repeated service tests, 
during which each material or part, singly or in com- 
bination, is given a chance to show just how it will 
behave in practice. After such preliminaries, a com- 
pleted unit such as a motor car, is tested in performance. 
After exacting tests under every conceivable service 
condition, the product is revamped in whole or in part, 
new parts are designed to supplant those that failed and 
new materials or processing may be devised to overcome 
disclosed defects. After many such successive tests 
under all sorts of conditions, a finished and tested pro- 
duct eventually is available to the prospective user. 


UT those who build enjoy no comparable oppor- 

tunity to test their achievement, to correct their 
errors, to revamp their designs or to take a fresh start 
at their problem. They must be right the first time. 
They must estimate their loads, floods or traffic, not only 
as of today but even for the years to come. They must 
appraise, once and for all, all the forces that may 
affect the adequacy or security of their work. 


On the basis of those appraisals and their best judg- 
ment, they must prepare their designs to meet conditions 
many of which simply cannot be determined accurately. 
In all this they must be right the first time; it will be 
their only time. 


Then, from the plants of scores of producers, many 
of them hundreds of miles from the job, they must 
assemble on the ground their materials and parts; into 
the earth they must probe only to disclose new uncer- 
tainties; through every vicissitude of weather they must 
conduct the vital processes of fabrication by which each 
part may come to bear its allotted share of the task of 


No Second Shots 


the whole. The constructor must assemble and super- 
vise, under the exacting conditions of the field, the 
workers of many crafts and must take responsibility for 
the work of each. Each producer of materials or parts 
must ship his wares from his distant plant with reason- 
able certainty that they will fit precisely into the needs 
of the whole. 


All must score a bull’s-eye on their first shot; they 
will have no second chance. 


If the building be defective as to access or service 
facilities, if the bridge be inadequate as to channel 
clearance or deck width, if the dam be insecure as to 
foundations: or abutments, there is no chance to subject 
it to a service test and to return it to the shop for re- 
vision. Construction tolerates no second thoughts. Once 
the builder has fixed the capital entrusted to him, there, 
for better or worse, it must remain fixed. And if his 
work should fail, structurally or economically, he has 
no out but to scrap it and to chalk up against his repu- 
tation the loss that may have been incurred. 


OMETIMES practitioners in other branches of the 
S profession are inclined to make much of the refine- 
ment and perfection of their works as contrasted with 
those of the civil engineer and architect. That all may 
be. But in appraising the skill of the constructor it is 
worth remembering that the builder of a Holland Tun- 
nel, a San Francisco Bay Bridge or a Portsmouth flood 
wall must be right the first time. 


He has no proving ground or testing floor to serve 
as a private graveyard for his defective judgment or 
technical deficiency. He gets but one chance and if he 
fail, his blunder may be read by all who have eyes to 
see in terms of sacrificed lives or dissipated treasure. 


It is at once an inspiration and a challenge that Mr. 
Nichol offers to his brother builders. 


Cst0tanT Piven 
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Inland 4-Way Floor Plate installed in Ford 
Motor Company’s River Rouge Plant 


Ford Motor Company, which has done a great deal 
to promote Industrial Safety, has standardized on 
4-Way Floor Plates. This decision came only after 
thorough testing of all types of flooring. 
These super safe 4-Way Floor Plates are now 
used throughout the Ford Company where 
strong, slip-proof flooring is needed. . . and Inland 4-Way is a tough, strong rolled 


at teel Floor Plate. 
Ford is just as well known for economy as for ee ee 
interest in safe working conditions. The projections overlap uniformly, peo- 
viding extra strength and stiffness—4-Ways. 


We believe it will pay you, from an economy 
ss " Note how the projections center one 
as well as a safety standpoint, to specify Inland nates 66 ugh enahen, deeviding equal 


Matching 4-Way Floor Plates. traction— 4-Ways. 


A new clearly illustrated bulletin showing 4-Way is easily swept, and drains readily 
—4-Ways. 


4-Way many applications, methods of installations, 


The uniform pattern permits laying end 
to end, or side to end, thus assuring a con- 
sent at your request. tinuous pattern with negligible waste. 


Pett tetets etc., including a Plate sample, will gladly be 


SHEETS ¢ STRIP « TIN PLATE « BARS ¢ PLATES « STRUCTURALS ¢« PILING e BILLETS * RAILS * TRACK ACCESSORIES 


INLAND STEELCO. 


General Offices: 38 South Dearborn Street, Chicago, Illinois 
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What of the TVA ?—Mucu HAS BEEN SAID for and 


against the Tennessee Valley Authority since it was set up in 1933. 
Some of its specific accomplishments, such as the building of 
the Norris Dam, are well known, but what of its accomplish- 
ments as a whole? Do they show that unified development 
of a river basin is practical? To heip its readers answer this 
question, Engineering New-Record begins the publication of a 
series of articles on the TVA in the Dec. 3 issue. 
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T’S more than a man’s size 
job. American Tiger Brand 
Wire Rope has established hun- 
dreds of service records—that’s 
how hard it is to wear it out. 


Wire rope is so important to 
you that you should play safe. 
You need wire rope you can 
depend on—wire rope that has 
strength and is safe. Call on 
American Steel & Wire Com- 
pany engineers to help you any 
time, any place. 
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FIG. 1—THE 1,400-FT. CANTILEVER of the East Bay crossing. 
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Beyond are the 504-ft. spans and the 288-ft. spans. 


East Bay Crossing of the Bay Bridge 


Steel structure includes longest and heaviest cantilever in the United States which is sup- 


ported on tall towers and anchored at only one end—Erection by two-derrick travelers 


By C. H. Purcell, Chas. E. Andrew and Glenn B. Woodruff 


HE EAST BAY CROSSING of 

the San Francisco-Oakland Bay 

Bridge, spanning the waterway 
hetween Yerba Buena Island and Oak- 
land is in every respect a different type 
~ structure from that between San 
Francisco and the Island. Containing 
60,500 tons of structural steel and hav- 
ng, as one of its parts, the longest and 
heaviest cantilever span in the United 
States, the East Bay Crossing would 
of itself rank among the major bridges 
‘t the world. Despite the fact that it is 
ivershadowed by the more spectacular 
West Bay suspension spans, the canti- 
lever presented the greater difficulties in 
lesign, fabrication and erection. 

The span layout of the East Bay 
Crossing (for diagram see EN-R, Mar. 
22, 1934, p. 375) consists of four 288-ft. 
spans crossing a valley on the island, 
the 1400-ft. cantilever span with its two 
anchor arms of 508 ft., five spans 504 ft. 
c. to c. of pins, a 50-ft. braced tower, 
14 spans 288 ft. c. to c. of pins and a 
steel and concrete viaduct 1072 ft. long. 
\mong the determinants of this layout 
were the following: 


Chief Engineer, Bridge Engineer and Engineer of 
Design, Respectively, San Francisco- 
Oakland Bay Bridge 


(1) The main navigation channel is 
at the edge of the Island. The East Bay 
pierhead line is only 2900 ft. from the 
Island. The 1400-ft. span with a verti- 
cal clearance of 185 ft. above mean 
higher high water and three additional 
spans of 500 ft. with a clearance of 165 
ft. at the pierhead line were require- 
ments of the War Department permit. 

(2) East of the pierhead line the 
water is comparatively shallow and the 
problem for this part of the crossing 
was that of so balancing costs of super- 
structure and substructure as to secure 
the greatest economy. 

(3) Foundation conditions (EN-R, 
Aug. 23, 1934, p. 227) were such that 
deep foundations were required; the one 
at the east end of the 1400-ft. span 
reached a record depth of 242 ft. These 
conditions were also such as to make 
it essential to keep the foundation loads 
to a minimum. For this reason steel 
towers rather than the usual masonry 
shafts were used to support the super- 
structure, except where the height of the 


masonry shaft would be less than 60 ft. 

A masonry pier of the height required 
to support the cantilever and the other 
high level spans would have afforded 
little resistance to wind and_ earth- 
quake forces in a longitudinal direction. 
The steel towers have even less longi- 
tudinal rigidity. To secure the required 
longitudinal stability the west end of the 
cantilever was anchored by a_ heavy 
masonry pier founded on the rocky tip of 
the Island. At the east end of the 504-ft. 
spans a 50-ft. braced tower was erected, 
on a pier 100 ft. wide, to furnish another 
point of longitudinal anchorage. The 
expansion for the distance of 5000 ft. 
between these two points is taken by a 
split column at the east end of the canti- 
lever. This expansion involves a possi- 
ble movement of 20 in. each way from 
normal. Similar provisions for anchor- 
age and expansion were made at other 
points of the structure. 

(4) Two horizontal curves* Wéte re- 
quired in the structure, ome on .the 
Island truss spans to connect to the 
tangent of the West Bay Crossing, the 
other at the east of the 504 ft. spans 
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FIG. 2—TRAVELER erecting 288-FT. SPAN. Temporary bent on steel piles 


in foreground. 


which was introduced to avoid inter- 
ference with the Key System ferry ter- 
minal. 

(5) The usual procedure of select- 
ing span lengths and then determining 
economical truss depths was to some ex- 
tent reversed by the condition of the 
double-deck cross section. To provide 
satisfactory clearances over the upper- 
deck roadway and sufficient depth of 
portal and sway bracing, a truss depth 
of about 80 ft. was required. Where the 
top chord was braced by the upper-deck 
roadway, the truss depth became about 
38 ft. For economical proportions these 
truss depths corresponded to the adopted 
span lengths of 504 ft. and 288 ft. 


Design 


With these span lengths and having 
adopted specifications for loads and 
unit stresses (ENR, Mar. 22, 1934, p. 
371), the design of the simple truss 
spans presented no unusual problems. 
Silicon steel was used in all members 
where it resulted in a saving of weight, 
except that heat-treated eyebars were 
used for the bottom chords of the 504-ft. 
spans. The principal reason for the use 
of these eyebars was that the designers 
had more confidence in the pin joints 
than in the heavy riveted splices that 
otherwise would have been required. 
The higher unit stresses and the smaller 
amount of detail material resulted in a 
saving in weight, an advantage that was 
offset to some extent by the fact that 
the eyebar chords rendered erection by 
cantilever methods impracticable. 


Pile puller in span behind traveler is removing falsework piles. 


For architectural reasons, tied arch 
and self-anchored suspension designs 
were investigated for the 1400-ft. span. 
Even on this basis, the results were not 
as satisfactory as the adopted design. 
Both in weight of steel and in cost of 
erection, these other designs were much 
more expensive. Various profiles of the 
cantilever were investigated. A curved 
top chord in the suspended span of the 
cantilever (and in the 504-ft. spans) 
would have reduced the weight of steel 
slightly, but not sufficiently to balance 
the increased costs of fabrication and 
-rection. 

The anchoring of the cantilever struc- 
ture in a longitudinal direction at only 
one end had several advantages. It per- 
mitted a continuity of the diagonal web 
system throughout the structure. It 
avoided the necessity for elaborate ex- 
pansion details in both the floor and the 
lateral system at the ends of the sus- 
pended span, as well as traction and 
earthquake brakes at the same points. It 
reduced the number of points at which 
jacking devices were necessary during 
erection. The arrangement also avoided 
necessity for expansion rollers which 
always are a source of trouble. 

There were accompanying disadvan- 
tages. The arrangement results in stress 
dissymmetry. Since all longitudinal 
forces are taken at the one anchorage 
point, the chord stresses from longitudi- 
nal earthquake and wind at the west 
end of the anchor arm are double what 
they would be in the case of two points 


FIG. 3—ERECTION of 504-FT. 
SPANS on steel falsework bents. 
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of anchorage. This required son: 
tional section in these chords. D 
ties in stress analysis of the later 
tem were introduced, since this 
became continuous over four su; 
fixed at the west end and on s 
yielding supports at the steel tow 
There have been several ca 
long-span bridges where the liy 
carrying capacity was reduced by ; 
of underestimating the weight 
steelwork and the dead load st 
caused thereby. In this case ever 
caution was taken to make ampl: 
vision for the dead load of the stru 
Although layouts of panel points 
made in the design department a: 
weights of steelwork calculated 
from, the fabrication of the 504-ft. 
and of the cantilever was delayed unt: 
weights could be calculated from ap. 
proved shop detail plans and the stresse; 
rechecked using these weights. 
provision for future utilities not 
templated at present, an excess dead 
load allowance of 500 Ib. per linea! it. 
of bridge was included in the calcula- 
tion of the dead load stresses. 


Earthquake stresses 


The stresses in the superstructure 
were calculated for seismic forces equal 
to 10 per cent of gravity acting in any 
direction. The stresses set up by these 
horizontal forces, however, were not of 
sufficient magnitude to call for increase 
of section beyond that required by dead, 
live, temperature, and wind loads. 

In a structure of this nature some 
deviations from usual methods of cal- 
culating earthquake stresses are neces- 
sary. Stresses in the lower chord of the 
cantilever due to an earthquake acting 
parallel to the bridge center line, vary 
from zero at the east end to a maximum 
at the west end. The stresses produce 
deformations in the chord so that the 
chord acts as a spring. By taking this 
action into consideration, the longi- 
tudinal earthquake stress in each lower 
chord at the west end is reduced from 
3000 kips to 1600 kips. 

While it is possible to derive theo- 
retical rules for economic proportions 
of cantilevers, these rules are generally 
invalidated by the necessity of placing 
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Elevation of cantilever structure 
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FIG. 4—ELEVATION AND STRUCTURAL DETAILS OF EAST BAY CANTILEVER BRIDGE 
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FIG. 5—SUCCESSIVE STAGES in erection of cantilever span: 


A—Start of 
upper level. 


west anchor arm. B—West anchor arm traveler at 
C—Permanent tower E-3 being erected by the traveler. 
D—Start of erection of suspended span. 
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additional metal to provide for e: 
stresses. These stresses in turn 

upon erection methods. The desig: 
based on the assumption that the | 

span would be erected by the cant 
method using guy derricks, an ass 
tion that fitted very closely the « 
ment later designed for the pu 
The proportions of the structure \\ cre 
made such that extra material to 
vide for erection stresses was req 
only in some of the web men 
especially in the upper verticals 
supported the traveler, in certain \ 
cals and diagonals at the temporiry 
erection bents and in the false ‘op 
chords at the ends of the suspen led 
span. 


Large tonnage of nickel steel 


Nickel steel was used in the n 
compression members and also, w! 
rigid members were required, for e 
tion, in the bottom chords of the 
pended span. The use of some 3 
ions of this high strength material 
sulted in lighter members with a con 
quent reduction in dead load and ea: 
quake stresses. Furthermore, with 1 
terial of less strength, each mem! 
would have required either great 
lepth or greater thickness of mate1 
to secure the required area. The great 
depth would have increased the s¢ 
ondary stresses; greater web thickn 
would have increased the grip of rivet 
beyond the maximum of 7 in. for 1} 
diameter rivets. 

Heat-treated eyebars were used fo 
main tension members, and silicon stee!| 
was used for secondary truss member: 
and for most of the floor and latera 
system. Carbon steel was used for de 
tails and minor members. Manganese 
rivets were used for the heavier joints, 
and pins were chrome-nickel steel, heat 
treated. Quantities of the various struc 
tural steels in the cantilever structure, 
not including the supporting towers, are 

iven in the accompanying table. 

In developing details of the members, 
closed box sections with manhole en- 
trances were used wherever possible. 
This saved the weight of the lacing that 
otherwise would have been necessary. 
Lacing is difficult to maintain and its 
structural action somewhat uncertain. 
Pins were used at all points where 
heavy secondary stresses would occur 
otherwise and also to avoid riveted con- 
nections of excessive length. Eyebar 
members were packed in two parallel 
rows one above the other in the plane of 
the truss. This reduced the width of the 
member, and the increased depth gave a 
more substantial appearance. 

Secondary stresses were calculated 
for all members of the cantilever and 
the 504-ft. spans. On account of the 
long panels and moderate depth of mem- 
bers, these stresses are within reason- 
able limits. The trusses were cambered 
by making the length of members and 
angles of the connections such that 
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FIG. 6—PLACING LIGHT-WEIGHT CONCRETE on upper deck roadway. 


Hand vibrators were used in addition to mechanical vibrators mounted on the 
finishing machine in the background. 





FIG. 7—DRIVING the closing pin in the suspended span of the East Bay Cantilever. 


secondary stresses are theoretically zero 
under full dead and half live load. The 
end connections of the floorbeams were 
set at such a bevel as to relieve bending 
stresses in the verticals. 

Before erection, strain gage points 
were established in a large number of 
members. Strain gage readings were 
taken during erection and in the com- 
pleted structure. This data had not yet 
been reduced when this was written. 


Fabrication 


At all stages the shopwork was of a 
character to avoid damage to the ma- 
terial and to insure a good fit in the 
field. All rivet holes were subpunched 
or drilled, then reamed, and all sheared 
edges were planed. All compression 
chord joints were milled, and all rivet 
holes in chord joints were reamed while 
assembled and the joints for diagonals 
were reamed to steel templates. As a 
result of these precautions, there were 


practically no shop errors that required 
correction in the field. 


Truss span erection 


The 288-ft. spans were erected by a 
semi-cantilever method in which tem- 
porary upper chord ties and lower chord 
struts were placed over the piers. The 
falsework consisted of steel bents sup- 
ported on steel H-piles. Since the eye- 
bar bottom chord of the 504-ft. spans 
did not permit cantilevering, a steel 
falsework bent was placed under every 
main panel point. A horizontal wind 
truss at El. +25 was placed in this 
falsework system. 

These spans were erected by a 194- 
ton traveler supported on twelve two- 
wheel trucks which ran on four 130-lb. 
rails placed at upper deck level. The 
frame of the traveler was 102 ft. long 
with a sill width of 60 ft. and a rear 
width of 444 ft. The traveler carried 
two derricks, each with booms 87 ft. in 
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length for the 288-{ft. spans, subsequently 
lengthened to 100 it. for the 504-ft. 
spans. These booms had 12-ft. trussed 
gaffs which carried the runner lines. 
The 44-ft. masts were spaced 42 ft. 
apart. The front stifflegs were in a 
plane at right angles to the bridge cen- 
terline and the rear stifflegs met at a 
common point at the rear of the derrick. 
This allowed the booms to swing to the 
rear while erecting the top bracing 
system of the 504-ft. spans. The derrick 
had a capacity of 20 tons at 100-ft 
radius. The hoisting engines, which 
were mounted on the traveler, were 
triple-drum, three-speed, with a swinger 
attached and were operated by gasoline 
engines. 

The erection of the Yerba Buena 
truss spans proceeded similarly to that 
of the east 288-ft. spans. The prin- 
cipal difficulty was that the rugged ter- 
rain made it difficult to get material to 
the traveler. The traveler used in erect 
ing these spans had two 90-ft. booms at 
the front and one 50-ft. boom at the 
rear. Each of the front booms was 
rigged for a set of falls and a runner 
line. The rear boom was rigged for 
falls only. The derricks were operated 
by two 60-hp. tractor-hoist combinations 
located on the ground at the west end 
of these spans. 


Guy derricks erect cantilever 


Upon completion of the Yerba Buena 
spans this traveler erected a second 
traveler to be used for erection of the 
cantilever. This second traveler had 
two 50-ton guy derricks mounted on a 
mast beam. The masts were 118 ft. 
high and were spaced 44 ft. on cen- 
ters; the booms were 100 ft. long and 
were rigged for main and auxiliary 
falls and a runner line. Power for oper- 
ating the traveler was supplied by two 
175-hp. gasoline engines and two aux- 
iliary engines, all of which were placed 
on the bridge deck and did not move 
with the traveler. The traveler was 
supported and moved on skids made of 
the beams designed to be used later as 
railway stringers in the suspended span. 
In lower position, these skids were 
supported on the upper deck floorbeams 
which were in turn shored from the 
lower deck floorbeams. In its elevated 
position the skids were supported by 
floorbeams temporarily attached to the 
truss verticals. 

The sequence of erection, which was 
the same for both halves of the canti- 
lever is shown in the accompanying 
drawing. The traveler used in the 





STEELS USED IN THE CANTILEVER 
STRUCTURE 
Cost Per Lb. 
Per Erected 
Tons Cent (cents) 


DD. weteenees saws . 3,576 i 9.15 
H. T. Eyebars and 

i ctceeendens 4$.816 9 7.30 
ES xc ck oehw een 25,312 48 6.75 
Cr nweukhsacdee 19,102 36 6.35 
Manganese tivets S4 6.40 
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FIG. 8—SEQUENCE 


Letters inaicafe the positions of the derrick 
during erection 
Numerals indicate the sequence of erection 


from each derrick position 


Place and pin all bottom chord eyebars together c+ oe 
w/th gusset plates allowing bars to sag at L56 Stage of closing after 


eae operation No. 
Stage of closing before operation No.2 ; 


OF ERECTION OPERATIONS ON EAST BAY CANTILEVER BRIDGE 
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erection of the Yerba Buena spans had 
cufficient capacity to erect the members 
of the suspended span. Therefore when 
the guy derrick traveler reached the 
east end of the west cantilver arm, it 
was dismantled and re-erected at pier 
F-4. From this point this traveler 
worked through to the center of the 
suspended span; the west half of the 
suspended span was erected by the 
Yerba Buena traveler. This procedure 
saved an additional heavy traveler and 
inasmuch as the bridge construction 
schedule was governed by the West 
Bay Crossing, the additional time was 
of no consequence. 

The movements of the truss neces- 
sary to effect the closure of the span 
were controlled by three sets of two 
500-ton jacks per truss located at panel 
points USO east and west and at LA 10 


east. 
Paving 


At an early stage of the design, it 
was decided to use a comparatively 
light-weight floor for the upper deck 
roadways, and an arbitrary weight limit 
of 60 Ib. per square foot was estab- 
lished. After an investigation of the 
various types that would come within 
this limit, the designers concluded that 
a light-weight concrete floor would be 
more economical in first cost and in 
maintenance than any of the other pos- 
sibilities. 

The aggregate consists of a shale 
which is crushed, pugged, cut into pel- 
lets and then burned in a rotary kiln. 
Natural sand is used for the finer par- 
ticles of the aggregate. When mixed 
with six sacks of cement, the resulting 
concrete has a wet weight of 100 Ib. 
per cu.ft. and a 28-day strength of 
3,000 Ib. 

The roadway slab on the upper deck 
is 6 in. thick and is reinforced in both 
directions. Longitudinal reinforcing 
consists of 4-in. rods on 6-in. centers. 
Reinforcing transverse to the bridge 
centerline consists of welded trusses 
spaced 6 to 9 in, apart. Top and bot- 
tom chords of the trusses are made of 
two 4-in. round bars; the truss bracing 
system is a yg-in. round bar bent to 
make 45-deg. angles between the two 
chords to which it is welded at each 
intersection. These welded trusses 
have an over-all depth of 44 in. and a 
length equal to the roadway width. To 
hold them firmly in place during pour- 
ing operations they were welded to the 
supporting stringers, which are spaced 
on 6-ft. centers. 

The upper roadway slab was placed 
in two operations. In the first opera- 
tion the light-weight concrete was 
placed in the forms, compacted by a 
vibrator-equipped finishing machine and 
screeded jin. low by the same machine. 
Before the concrete had taken its initial 
set it was covered by a mortar topping 
and again vibrated, screeded and belted 
by the finishing machine. The results 





with this pavement have been extremely 
satisfactory in every particular. 

The lower deck pavement is designed 
for heavy trucks. The designers con- 
sidered the light-weight floor some- 
what experimental and therefore the 
lower deck pavement was designed with 
a 64-in. slab of standard concrete. The 
reinforcing steel and methods of placing 
were as above described for the upper 
deck except that the concrete was placed 
in one layer. 


Personnel 


The contract for the superstructure 
of the East Bay Crossing was held by 
the Columbia Steel Co. of which Am- 
brose Diehl is president. The late E. J. 
Schneider was succeeded by J. R. Fox 


as contracting manager. The steel west 
of pier E-4 was fabricated and erected 
by the American Bridge Co. of which 
C. S. Garner is general manager of 
erection and H. C. Hunter is western 
erecting manager. Steel for the spans 
east of pier E-4 was fabricated and 
erected by the bridge and fabrication 
department of Bethlehem Steel Co. for 
which company D. S. Gendel is gen- 
eral manager of erection, A. F. Mc- 
Lane, general manager of erection for 
the Bay Bridge, and H. A. Schirmer, 
resident engineer. The concrete paving 
was included in the general contract 
and was sublet to Bates & Rogers with 
R. Rasmussen as superintendent of con- 
struction. The personnel of the Cali- 
fornia Toll Bridge Authority was given 
in ENR March 22, 1934, p. 377. 


Pull Circle Tunnel Lining 
Placed in a Single Pour 


Form traveler 160 ft. long aids completion of 70-ft. 


lengths of concrete lining as single operation in 10-ft. 
tunnel on Colorado River aqueduct distribution system 


of the Colorado River aqueduct 

includes a tunnel of 10-ft. inside 
diameter passing under the residential 
district of Pasadena. Requirements to 
be met in placing concrete lining in this 
tunnel made it desirable to use equip- 
ment and methods not common in tun- 
neling practice. Primarily, these are: 
forms made up in completely circular 
panels with which a 70-ft. length of 
lining can be placed in a single pour; 
methods of bending the reinforcing 
steel to the required radius in the tun- 
nel and close to the scene of operations 
and, finally, a working schedule con- 
trolled by the necessity of avoiding 
noise during hours of the night when 
the residential district was not to be 
disturbed. Incidentally, these condi- 
tions automatically limited the daily ad- 
vance which the contractor could make 
and since there was no opportunity for 
profits resultant from speed, it was in- 
cumbent upon him to work out a con- 
struction schedule such that any bonus 
to be earned would accrue from a low 
cost of carrying on the work. 

This tunnel originally was to have 
been driven as an open cut (the over- 
burden is 40 to 80 ft.) but later it was 
decided that there would be less inter- 
ference with street traffic and less dis- 
turbance of the residential district if 
the workings were kept entirely under- 
ground. This program has worked out 
well in several ways and record prog- 
ress was claimed in the driving opera- 
tions (ENR, Oct. 10, 1935, p. 513). 
To the cast of an access portal in 


"ha: DISTRIBUTION SYSTEM 





Arroyo Seco, which lies toward the 
westerly side of the city of Pasadena, 
this part of the aqueduct distribution 
system is in almost continuous tunnel 
for a length of about 5 miles. The 
amount of concrete required for the 
lining averages about 24 cu.yd. per foot. 
Reinforcing steel, consisting principally 
of 1}-in. square bars, amounts to about 
650 Ib. per lin.ft. For purposes of con- 
tract award, the tunnel lining was di- 
vided into two sections and_ lining 
equipment of similar type has been used 
on both contracts. In some _ respects 
this equipment is similar to that used 
in the Lake Cushman hydro-electric 
power tunnel built by the city of Ta- 
coma some six years ago but in many 
particulars it represents an advance de- 
veloped recently for work of this type. 

Essentially the form set-up consists 
of a series of 5-ft. panels completely 
circular when jacked into place, but 
hinged for convenience in collapse and 
movement. A 70-ft. length of these 
forms is assembled on a traveler in 
which there is a truss 160 ft. long carry- 
ing an elevated track for moving the 
forms. The truss is supported at each 
end on four-wheel trucks which move 
on tracks in the tunnel invert. This 
great length of the supporting truss 
makes it possible to place the forms 
for a completely circular pour in a 
70-ft. length of the tunnel and later to 
move the same forms ahead to a new 
set-up without changing the traveler 
position. The traveler is moved ahead 
of the forms after each pour. The se- 
quence of operation is based on the 
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program of completing one of the 70- 


ft. pours each week day, six times a 
week. During the night no concrete 


mixers or cars are 
next pour are carried on. 
The 70-ft. length of forms 


set up at one time consists of 


5-ft. 


operated but pre- 
paratory work and preparations for the 


which is 
fourteen 
panels or ring sections each con- 


stituting, when jacked out into position, 
a completely circular section of lining 


forms 10 ft. in diameter. Each panel 
consists of five 
sections connec- 


ted by hinges. The 
arch section is the 
supporting unit; 
from either side is 
hinged the wall or 
side sections and 
these in turn are 
hinged along their 
lower edges to the 
invert sections. 
The form panels 
are faced with 
steel plates 4 in. 
thick curved to a 
5-ft. radius. 

Alternate ring 
sections have 
seven openings; 
one in the arch, 
two in each side 
and one in each 
invert section. 
T hese openings 
are 18x30 in. in 
size and are used 
for inspection and 
to aid in working 
the concrete into 
place. Asthe 
fresh concrete 
level rises they are closed by doors which 
are fastened firmly in place with tapered 
wedges. 

Each 5-ft. panel is bolted to the ad- 
joining panel so that the entire 70-ft. 
length functions as a unit. However, 
any individual ring section can be un- 
bolted from those adjoining and can 
be handled as a separate unit in removal 
from the complete assembly or for a 
separate and independent set-up on 
curves. 

An essential part of these forms is 
the 160-ft. traveler on which they oper- 
ate. It consists of two steel trusses 
5 ft. deep fastened together by cross- 
bracing so that the assembly resembles 
a box girder with 5x4} ft. cross- 
section. This truss assembly weighs 20 
tons and is supported on a four-wheel 
truck at each end. There is a clear 
length of 140 ft. between the trucks, 
thus providing space for a 70-ft. form 
section to be moved ahead to a new 
position without changing the setting 
of the traveler. 

The trucks under the traveler have 


Bx 3x fe” 
stiffener lS“ 


12-in. flanged wheels, 24-in. axles and 
operate on a track of 24-in. gage. On 


top of the truss, angles running the full 
length of the traveler constitute a track 





for the 
These 


cradles of four 15-ton jacks. 
jacks thus can be moved along 


the traveler freely and are used for 
supporting and carrying the forms 


when a move to a new set-up is being 
made. Ordinarily the jacks are equally 
spaced when the 70-ft. length of the 
form assembly is being moved. 

When forms are to be moved the 
first operation is to unbolt the center 


invert sections for the full length and 
pull them up to the girder with chain 
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place to complete the circular s 
After this circular set-up is com 
and before pouring commences 
screw jacks that prevent hydraul! 
lift from “floating” the forms ou 
position in early stages of pouring 
put in place between the under si 
the traveler truss and the invert pa 
These screw jacks are spaced abot 
it. along the full length of the 
assembly except at the ends whe: 
screw jack is placed under each 
about 6 ft. in 


the end of 
~ Jack assembly, 
raised an : 
Re ncnerent The advan 
Jacks end of the ti 
extended eler runs on a 
in. track in 
center of the t 
Bes - Jack nel. This trac} 
\\ ra/sed not set to ex 
grade as a var 
tion of a f 
inches can be t 
en care of by t! 
Jack hydraulic jack 
lowered The rear end 


the traveler mov: 
on a track sectio: 
supported on t! 
previous] 
stripped concret 
invert. For th 
track special tic 
are used cut on 
5-ft. radius out oi 


- 6x12x48-in. tim 
. | ; Z bers. These ties 
3 S LA See ee ae ers. € 
; ‘ fale : 
oe. /50°-- ahataats, fant > are laid on the 


Longitudinal Section 
TUNNEL LINING FORMS shown in 
section and elevation. With this assem- 


bly a completely circular section 70 ft. 
long is lined in one pour. 


jacks hung on the truss for this purpose. 
This operation is shown in section A 


in the accompanying drawing. The 
second step is to retract the ratchet 
wrenches which extend from the 


traveler to the side walls, thus pulling 
in the wall sections and stripping the 
side walls as shown in section B. The 
third and final stripping operation is 
to release the hydraulic jacks support- 
ing the arch section which lowers the 
arch forms about 14 in. below the posi- 
tion in which the pouring took place. 
This condition is shown in section C. 
With the forms thus freed from the 
lining and supported on the hydraulic 
jacks whose trucks roll along the top 
of the traveler, the entire form as- 
sembly can be pulled ahead by an elec- 


tric hoist mounted on the traveler. Ar- 
riving at the new location, the forms 
are set up by the reverse process. That 


is, first the hydraulic jacks function to 
raise the arch to place, the invert panels 
are then lowered whereupon the wall 
panels swing out under the force of 
gravity. The walls are forced firmly 
into place by the ratchet jacks and 
finally the invert forms are bolted in 





concrete every 4 

ft. Under the 

pouring schedule 

used on this tun 
nel it is not necessary to place this invert 
track until about 16 hours after the 
concrete has been poured. The load 
distribution is such as to keep loads on 
concrete down to about 20 Ib. per sq.in. 
After the forms have been entirely filled 
there is no further need for any of the 
lining supports. The screw jacks be- 
neath the traveler are removed as are 
the hydraulic jacks against the arch 
and the ratchet jacks against the sides, 
thus completely freeing the traveler 
from the forms. The traveler then is 
immediately moved ahead 70 ft. by 
means of the electric hoist and the next 
succeeding cycle of operations can 
begin. 


Placing concrete 


Concrete is delivered to the forms 
from a concrete jumbo carrying a 15- 
cu.yd. mixer and a pneumatic placer 
from which a 6-in. discharge pipe leads 
into the form along the arch. At the 
start of pouring in each 70-ft. section 
the discharge end of the delivery pipe 
is placed in the far end of the form, 
about 1 ft. from the face of the preced- 
ing pour, and the operator manipulates 
the air controls so as to ease the batches 
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a lace until the forms are filled the aid of a template set from grades about 6} hours. There also are em- 
i this position of the discharge pipe marked by engineers on the ribs of ployed during the day an outside crew 
and the pipe end becomes embedded in the temporary lining. and a bull gang, including mechanic, 
jrest) concrete. Thereupon the concret- Placement of reinforcing steel is next electricians, etc. 
ing unit begins to back away and this in order. About 23 tons of reinforcing Specifications for concrete in the 
grajual movement continues so that goes in each 70-ft. section. Most of tunnel lining call for a dry mix—the 
the discharge end of the pipe always is this is in the 14-in. squares which come — slump is about 2 in. Test cylinders have 
kept embedded (sometimes as much as_ into the tunnel in straight pieces 22 shown far higher strengths than the 
10 ft.) until the entire 70-ft. length of ft. 10 in. long. Two of these pieces, specifications require; in some cases 
form has been filled. when bent to the proper curve, make strengths have ranged up to almost 
‘ore freshly placed concrete begins up each of the complete circles which 4,000 Ib. per sq.in. in 28 days. Cylinders 
to reach the open end of the 70-ft. sec- are placed on 5-ft. centers. By bring- from the forms (where the concrete 
tion, a bulkhead is bolted on to retain ing the bars into the tunnel before bend- has been subjected to the compressed 


concrete as it arrives at this end. The 
bulkhead contains a 6-in. water stop 
and also has a keyway to bond the cold 
joints. As the concrete is placed vi- 
brators fastened to the inside of the 
form panels are operated. Two such 
vibrators are used, clamped to longi- 
tudinal stiffeners in the forms. These 
are unclamped and moved along at in- 
tervals to keep them near the line of the 
concrete slope. The contractor reports 
that vibration of 10 sec. per batch is 
about the maximum for best results. 
Excessive vibration is said to cause a 
tendency to segregation. 

3efore pouring concrete on curves it 
is necessary to make a special set-up of 
the forms. On a curve with a 12-deg. 
central angle, a 100-ft. radius and af- 
fecting 22 ft. of tunnel, the forms were 
separated into four 5-ft. sections, and 
each one was accurately placed in posi- 
tion and fastened there to constitute a 
5-it. tangent. The edges of adjoining 
panels were placed in contact at the 
inside circumference. In the gore or 
opening on the outer circumference the 
space was filled with wooden fillers cut 
on a band saw exactly to fit the open- 
ing of variable width. These fillers 
were bolted firmly to the ribs of the 
panels, 

As a support for these 5-ft. panels 
a 40-ft. section of the traveler was 
separated from one end of the traveler 
and with its forward end supported on a 
flat car, was set up across the center of 
the curve. In this position ratchet jacks 
and screw jacks could be used to hold 
the panels in circular shape just as 
they did on tangents. 

The first operation in preparation for 
a new form set-up is to remove the 
track from the invert along which the 
forward trucks supporting the traveler 
have just passed. The tunnel is then 
ready for the invert to be graded by 
hand to the required level. The ma- 
terial traversed by this tunnel is a 
sandy or gravelly clay and part of the 
construction program involves the re- 
moval from the invert by the lining 
crews of 30 yd. of excavation per 70- 
ft. length of forms. This work takes 
the invert, at its center, to a depth of 
26 in. below the foot blocks of the steel 
ribs in the temporary lining. The ex- 
cavated material is moved in wheel- 
barrows to the muck train where it has 
to be rehandled by men with shovels. 

With the excavation finished, the in- 
vert is worked down to fine grade with 


ing them, a considerable quantity can 
be stored without interfering with the 
lining operations and the inconvenience 
of transporting curved steel is avoided. 
The steel bender, kept in the tunnel at 
a point conveniently near the lining 
operations, is mounted on a turntable 
which turns at the same time that the 
bending operation goes on, thus making 
it possible to bend the 22-ft. 10-in. bars 
to a 54-ft. radius in a tunnel only 12 ft. 
wide. 

The bars making up the semi-circu- 
lar curve in the upper half of the tunnel 
are placed first. These bars are slung 
from the ribs of the temporary tunnel 
lining. Bars for the lower half of the 
tunnel are placed next and are sup- 
ported on concrete chairs laid on the in- 
vert in advance. Where the two semi- 
circular portions of the reinforcing 
overlap they are wired together. Finally 
the longitudinal tierods 3 in. in diame- 
ter, spaced 2 ft. apart circumferentially, 
are placed and wired to the circum- 
ferential rods. 


Daily program 


The day shift comes on at 8 o'clock 
in the morning on a work schedule that 
ordinarily carries through to 2:30 or 
sometimes to 4 o’clock in the afternoon. 
This crew is through for the day as 
soon as it has placed the 145 cu.yd. of 
concrete required for the 70-ft. length 
of form. It is made up of ten men, in- 
cluding the compressor man. 

The swing shift comes on about 2 
o’clock in the afternoon and works 
until its schedule is completed. It cleans 
up the 70 ft. ahead of the section just 
poured, does the excavation of the in- 
vert already mentioned, moves the air 
and water lines and places the track on 
which the rear truck of the traveler is 
to move. This crew is made up of ten 
men, including one on sprinkling con- 
crete stripped the previous day. This 
shift usually works about 6} hours. 

The steel crew of twelve men comes 
on at 4 p.m. and ordinarily finishes at 
12 midnight. This crew places all steel 
and completes the assembly of rein- 
forcement ready for the forms to move 
into place. 

The form crew which comes on at 
12 midnight consists of six men, in- 
cluding one on sprinkling. This crew 
moves the forms, scrapes them 
thoroughly, gives the faces a coating of 
oil and completes the 70-ft. set-up in 


air used in the placer) are reported to 
show a strength of about 800 Ib. per 
sq.in. more than do cylinders taken at 
the mixer. One man is kept at work 
with a grinder smoothing off fins and 
edges aiter forms are stripped. No 
patching whatever has been required. 
Grouting is done by the district on 
force account basis because of the 
known loose character of the over- 
burden. The grouting has averaged 
about 5 cu.ft. per lin. ft. 

The work is being done for the 
Metropolitan Water District of South- 
ern California, of which F. E. Wey- 
mouth is general manager and chief 
engineer. Contractors for lining the 
two sections of the distribution tunnel 
described in the foregoing are (1) 
Dixon, Bent Bros. and Johnson and (2) 
the J. F. Shea Co. Sherlock D. Hack: 
ley is superintendent of lining opera- 
tions; the concrete placer, traveler and 
forms are patented by Roy C. Hackley. 


—- - 


Changes in Plan 
Lengthen Vancouver Bridge 


HANGES IN THE PLANS for the first 

Narrows bridge at Vancouver, 
B. C. have been approved by the do- 
minion government at Ottawa. Under 
the revised plan the north tower will 
be moved 50 ft. inland, increasing the 
length of this $6,000,000 suspension 
bridge from 1500 to 1550 ft. This ap- 
proval supersedes a previous change 
which would have moved the north 
tower 100 ft. inland and the south tower 
50 ft. off shore; this plan was abandoned 
when it met with opposition from navi- 
gation interests. The change has been 
made, it is understood, because explora- 
tory drilling revealed better rock founda- 
tion inland from the originally planned 
location of the north tower. 

In addition to the main suspension 
span, 1550 ft. long, with a 200 ft. clear- 
ance above high water, there will be a 
3,000 ft. approach on the north shore. 
The bridge will carry a 29-ft. roadway 
and two 5-ft. sidewalks. 

Monsarrat & Pratley, consulting en- 
gineers, Montreal, are the designers of 
the bridge. W. F. Way has been selected 
by Stuart Cameron Company, Ltd., of 
Vancouver, B. C., contractors for the 
foundations, to superintend its work. 
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CONTROL OF ROCK DUST IN CONSTRUCTION—I 


Health and Medical Aspects 


CONTROL OF ROCK DUST for the 
prevention of silicosis is one of the 
most serious problems confronting 
the construction industry today. Con- 
fusion and lack of knowledge accehtu- 
ate the constructor’s difficulties. His 
knowledge of silicosis is largely that 
presented by lurid press reports of 
the ill-famed Hawks Nest tunnel case; 
in literature he finds much devoted to 
the medical side of the subject and all 
too little regarding practical control 
of dust on the job; he has no repre- 
sentation on the Secretary of Labor's 
dust control committee, yet he will 
be subject to its findings and recom- 
mendations; and finally, he is faced 
with a multitude of strange, new laws 
and regulations governing silicosis 
control and compensation. To clarify 
the situation for the constructor, En- 
gineering News-Record is presenting 
a series of articles on dust control in 
construction, the first of which fol- 
lows. Dr. A. J. Lanza, an outstand- 
ing international authority on silicosis, 
starts the series with a discussion of 
the health and medical aspects of the 
disease. Subsequent articles will dis- 
cuss practical rock dust control and 
prevention methods, and legislative 
and compensation developments. 


—EpITor 


HAT CERTAIN KINDS of 
dust cause damage to the lungs 


when inhaled has been known for 
centuries. Even the ancients knew 
that there was a definite relation- 
ship between mining in certain kinds 
of rock and a disease which was evi- 
denced by short-windedness, which they 
called asthma. A number of other terms 
have been used to describe this condi- 
tion, such as miner’s consumption, min- 
er’s phthisis, grinder’s rot, and potter’s 
asthma—all meaning the same disease 
which is now generally known through- 
out the world as silicosis. 

In modern times, the introduction of 
tools operated by compressed air, used 
for drilling, cutting, and chipping rock, 
has caused dust disease of the lungs to 
become fairly wide-spread and to be 
an important source of disability among 
industrial workers. There is only one 
kind of dust that produces a typical 
disease, with characteristic symptoms, 


Of Silicosis 


By A. J. Lanza, M.D. 


Assistant Medical Director, 
Metropolitan Life Insurance Co, 


which we call silicosis, and that is dust 
containing free silica (SiO,) in a very 
finely divided state. Dusts containing 
silica in combination, with the exception 
of asbestos, are not, as far as we know, 
responsible for any appreciable amount 
of disability. 

The human body has a very efficient 
protective mechanism against inhaling 
dusts in the atmosphere. The construc- 
tion of the nose, the naso-pharynx, and 
the wind-pipe are such that these pas- 
sages filter out from the air much of 
the foreign material that may be in it. 
It is only when this protective mech- 
anism is subjected to continuous severe 
strain that it breaks down. 


Development of the disease 


Silicosis is a disease which comes on 
very gradually and, in most forms of 
industrial exposure, takes from ten to 
fifteen and even twenty years to develop. 
This is one of the important facts about 
silicosis which should be kept in mind. 

A great deal of laboratory research 
has definitely established that dust par- 
ticles, to get into the lung, have to be 
exceedingly small, so fine, indeed, that 
they can traverse the terminal air pas- 
sages or bronchioles and thus reach the 
air lobules where the physiological pro- 
cess of breathing takes place. Most of 
the dust particles which get into the 
lungs are between one and three microns 
in size (a micron is 1/25,000 in.). At 
the most, 10 microns would be the larg- 
est size which will reach the lungs. The 
second important fact, therefore, to re- 
member about silicosis is that silica dust 
must be exceedingly fine before it can 
penetrate the lungs. 

Furthermore, silica dust is harmful 
in proportion to the amount of silica it 
contains. Obviously, the higher the per- 
centage of silica, the more dangerous 
the dust, so that we see the most aggra- 
vated or what is sometimes called the 
“classical” form of silicosis under those 
circumstances where the dust is almost 
pure silica (chert, flint, quartz). We 
base our estimation of the severity of 
the silica dust hazard in any given situ- 
ation upon the amount of silica con- 





tained in the dust and upon the amount 
of dust in the air. 

For determining the amount of dust 
in the air, the standard method deve! 
oped by the U. S. Public Health Se: 
ice and the U. S. Bureau of Mines js 
used in this country. The instrument 
used is known as the impinger and { 
results obtained are remarkably 
curate. Other instruments are in us: 
but in this country the impinger is 
standard, 

When dust samples are being taken 
in industrial establishments, the result 
is expressed in millions of particles 
under ten microns in diameter per 
cu.ft. of air. One advantage of the im 
pinger is that it can operate continu- 
ously, making it possible to obtain very 
large air samples, which in turn tends 
to cut down the margin of error. The 
instrument is simple, can be readily 
moved and set up, and as a rule is 
placed on a level with and near the faces 
of the workmen, so as to sample the 
actual air which they inhale. 

We have no hard and fast limits of 
air dustiness, with respect to what is 
safe or what is dangerous from the 
health viewpoint. The various studies 
which have been made, however, seem 
to indicate that if the dust contains any 
appreciable amount of free silica, the 
dust count should be kept below 10,000,- 
000 particles per cu.ft. of air. Even 
10,000,000 particles of a highly siliceous 
dust is not a safe limit. Dust sampling 
requires a careful and accurate tech- 
nique and considerable experience is 
necessary before consistently reliable re- 
sults are obtained. Industries are be- 
ginning to train laboratory technicians 
to do this work, as in order to keep a 
dust hazard under control, periodic 
checking is essential. 

It used to be supposed that the harm- 
ful effects of inhalation of silica dust 
was due to the hardness and sharpness 
of the dust particles themselves. We 
now know that this is not so. We do 
not know exactly how the dust acts 
in the lungs, but the indications are that 
silica is a tissue poison. Whether it 
causes its effects by going into solution 
or partial solution in the lung tissues 
is still a matter for further study. 

Besides its direct action upon the 
lung tissue, one of the effects of con- 
tinued exposure to silica dust, which has 
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been noted in the various parts of the 
world where this disease has been 
studied, is that it causes the individual 
to become peculiarly susceptible to tu- 
perculosis. The more severe the silica 
dust exposure, the more apt is tubercu- 
losis to result. While silicosis may 
cause disability and death in the ab- 
sence of tuberculous infection, it has 
not been frequently observed to do so 
in industrial experience, 


Silicosis and tuberculosis 


While it is possible for the individual 
with silicosis to contract other types 
of infection, tuberculosis is the only one 
of real practical importance. Those 
individuals who die from silicosis are, 
in the great majority of cases, found 
to have tuberculosis also. Just what 
is the relationship between these two 
diseases is as yet unknown, but it would 
seem as if the presence of silica in the 
lung tissues makes a favorable situa- 
tion for the growth of the germ of 
tuberculosis. When an individual with 
silicosis develops tuberculosis, the lat- 
ter may be essentially chronic and run 
on for a number of years, but if the 
exposure to silica has been very severe 
the progress of tuberculosis may be 
quite rapid and cause death in a few 
years after the infection has first be- 
come manifest. 

As would naturally be expected, sili- 
cosis comes on gradually and _ insidi- 
ously. The first symptom is a shortness 
of breath on exertion. This shortness 
of breath increases slowly but surely, 
and when the disease is well established 
will impair working ability consider- 
ably or even cause total disability. In 
the early and moderately advanced 
stages, the affected individual looks 
well, may show a tendency to put on 
weight, and (aside from the distress 
caused by physical exertion) feels well. 
This short-wind, or dyspnoea as the 
doctors call it, is a very clear-cut and 
definite symptom. In well established 
cases it is notable because it seems to 
be so out of proportion to the general 
healthy appearance of many of the 
patients. There is apt to be a dry cough 
and a tendency to “catch cold” fre- 
quently. Occasionally, there may be 
some spitting of blood but it is unusual 
to have a frank hemorrhage such as we 
see in consumptives. 

As the disease progresses, pains in the 
chest are common and may give rise to 
considerable discomfort. When tuber- 
culosis has become planted upon sili- 
cosis, we may see the symptoms com- 
monly associated with the former 
disease, that is, profuse expectoration, 
loss of appetite, loss of weight, night 
sweats, and an afternoon rise of tem- 
perature. Sometimes these symptoms 
come on with dramatic suddenness and 
the patient goes rapidly downhill. Even 
when it is obvious from the symptoms 


and general condition of the patient 
that tuberculosis is present, the germs 
of tuberculosis may not be found in the 
sputum until a relatively short time 
before death. 

Where the exposure to silica dust has 
not been very severe, symptoms may 
not show up for many years; there may 
be some short wind, but it does not 
develop to a point sufficient to impair 
working ability. With this type of ex- 
posure, we frequently see men with sili- 
cosis still able to carry on their work 
in good shape, many of them having 
reached their sixties and seventies. In 
other words, where the silicosis hazard 
is mild, it may not appreciably shorten 








PERTINENT FACTS ABOUT 
SILICOSIS 
v 


Only dust containing free silica 
can produce silicosis. 


The disease develops slowly, usu- 
ally an exposure of ten to twenty 
years is required to produce 
silicosis. 

Silica dust is harmful in propor- 
tion to the amount of free silica 
it contains. 


Only silica particles under 10 
microns in size (microscopic) are 
harmful to the human lung. 


The exact action of silica dust on 
lung tissue is not as yet known. 
Silicosis alone rarely causes seri- 
ous disability; disablement usual- 
ly results from a combination of 
silicosis and tuberculosis. 

The X-ray is the only positive 
method of diagnosing silicosis. 








the individual’s working life. However, 
it should be remembered that if we 
study the mortality of those exposed ‘to 
what might be termed the less severe 
types of silica exposure, we will find 
that the mortality from tuberculosis 
among them is greater than that for 
wage earners as a whole. 


Diagnosis 


If we examine a man who is in the 
early or moderately advanced stage of 
silicosis, we may find little on physical 
examination to confirm the diagnosis. 
He may exhibit no physical signs other 
than somewhat impaired breath sounds. 
If the man is heavily built, with large 
muscles, it is difficult to get any def- 
inite impressions from an_ ordinary 
physical examination. For this rea- 
son, we have to turn to the X-ray 
film in order to establish a diagnosis. 
The appearance of silicosis on the X-ray 
film is definite and clear-cut and should 
not be confused with other diseases 
of the chest. 


When making examinations of men 
among whom it is thought that there 
might be silicosis, it is exceedingly im- 
portant to get a careful, accurate, oc- 
cupational history. Not every man who 
is short-winded has even 
though he may have been exposed to 
varying quantities of silica dust at one 
time or another. The diagnosis is 
based upon a history of exposure to 
silica dust together with the character- 
istic X-ray film. The physician should 
know the severity of the exposure and 
the length of time during which the 
individual has been exposed. A careful 
weighing of these facts enables him to 
make a diagnosis. If the X-ray film does 
not show the characteristic appearance 
of silicosis, a positive diagnosis can- 
not be made. 

As a rule, when the silicotic has also 
become tuberculous, we can determine 
that fact from the X-ray film. Occa- 
sionally the examining physician will 
see films from which it is not possible 
to state with certainty whether tuber- 
culosis is or is not present. It should 
be remembered that the absence of tu- 
berculosis germs in the sputum does not 
rule out tuberculous infection. 

For accurate and satisfactory X-ray 
diagnosis of silicosis, it is essential to 
have a good apparatus and to use it 
properly. In the same individual we 
can obtain films quite dissimilar in ap- 
pearance by varying the time of ex- 
posure and the intensity of the cur- 
rent; consequently, a correct technique 
is all important. Much experimentation 
and study have indicated that for uni- 
formly satisfactory results, an X-ray 
apparatus should be used which is ca- 
pable of taking a film at a distance of 
from 48 in. to 72 in. with an exposure 
not slower than 1/10 sec. 

We cannot obtain satisfactory films 
unless the patient holds his breath, 
and the faster we can “shoot” him the 
more apt we are to get a good film. 
While a well-advanced case of silicosis 
can generally be determined from a 
single film, it is better to obtain stereo- 
scopic films; we are able to view two 
exposures in a suitable viewing box, 
which gives us the third dimension, 
namely depth, and greatly lessens the 
chance of error, especially in early cases 
where precise diagnosis is so important. 

It should be remembered that most 
of us who are past our fortieth year 
will show various lines and shadows in 
the X-ray films of our chests which 
do not indicate disease and are com- 
patible with good health. Consequently, 
he who takes it upon himself to inter- 
pret X-ray films of dust diseases of the 
lung should be thoroughly familiar with - 
the variations in the appearance of the 
ordinary, healthy chest. 

If a man has early silicosis and is re- 
moved from further dust exposure, his 
disease may not progress and may clear 
up somewhat. If the silicosis is well 


silicosis, 
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established, that is, if there is any con- 
amount of damage to the 
lungs, there is a tendency for the sili- 
even after removal 
from further dust exposure. There is 
some question as to whether in these 
cases the silicosis actually does progress 
unless the patient is also infected. 
Where there is a marked progress, after 
exposure to dust has ceased, it’s prob- 
able that infection is present. 


siderable 


cosis to progress 


tubercle 
Hazardous trades 


It is a matter of interest to know 
what trades or occupations are exposed 
to the silica dust hazard and the num- 
ber of individuals who might be in- 
cluded in these occupations. The follow- 
ing data are taken from an article pub- 
lished by Lanza and Vane, based upon 
various studies and reports, including 
a report by Matthew van Siclen of the 
American Institute of Mining and 
Metallurgical Engineers and U. S. 
Census reports. 

It was estimated that approximately 
62,000 men engaged in the metal mining 
industry were exposed to varying de- 
silica dust. Of anthracite 
miners, approximately 30,000 are ex- 
posed to silica dust. The quarrying 
of granite, tap rock, slate, sandstone, 
diatomaceous earth, ganister, glass sand, 
abrasive materials and the like com- 
prises about 22,000 more, so that in these 
various types of mining and quarrying 
there are about 115,000 workers ex- 
posed to silica (not, by any means, all 
those engaged in these industries). 

In smelting and refining, in foundries, 
potteries, glass works, in plants manu- 
facturing granite, slate and marble prod- 
ucts, together with those employed as 
grinders, buffers, sand-blasters, and 
vitreous enamelers, it was estimated that 
in this group of manufacturing indus- 
tries, there were about 325,000 workers 
exposed to silica dust. 

There may be a silica dust hazard 
of greater or less extent connected with 
the manufacture of sandpaper, hones, 
mineral fertilizers, clay products, cord- 
age and jute goods. Many branches of 
construction work require considerable 
drilling in siliceous rock. This is par- 
ticularly true in Manhattan Island, New 
York City. Laborers and helpers in 
general construction, in road and street 
construction, together with railroad 
workers and those in public service, 
many of whom are engaged in construc- 
tion work, are also in some instances 
exposed to a silica dust hazard. The 
combined total of workers employed in 
these miscellaneous industries numbers 
about 2,000,000, of whom probably only 
a small percentage are exposed to silica. 
If we apply the conservative figure of 
5 per cent, we get 100,000 more to add 
to our total estimate. All in all. we get 
a figure of about 500,000 workers ex- 
posed to the silica dust hazard. It is 


grees < rf 
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more than probable that this figure is 
very conservative; it does not take into 
account 
who have worked in silica dust indus- 
tries 
occupations. 


able 
and in vital statistics usually is classed 
with tuberculosis, there are not avail- 
able any statistics on deaths from sili- 
cosis from which could be based esti- 
mates of the exposure. 

When silicosis was first studied and 
investigated, it was customarily divided 
into stages for compensation and ad- 
ministrative purposes. 
three stages were commonly described 
—first, second, and third: the first being 
early silicosis with no disability; the 
second, more advanced with partial dis- 
ability; and the third, far advanced with 


show that from the start of the WPA 
program, July 1, 1935, through August 
31, 1936, expenditures for materials by 
the WPA 
projects 
Rentals of equipment by the Administra- 
tion and by the sponsors, total $128,- 
530,000. 
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large numbers of individuals 


has 
and are now engaged in other 
Inasmuch as silicosis is not a report- 


disease and on death certificates 


In this country, 
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greater knowledge and more 
methods 
of the disease is now based on the 
appearance, correlated with the 
lving pathology in the lung causin 
appearance. 
The estimation of disability is 
cosis is in far from a satisfactory 
and this, together with the variet 
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ministering compensation. It is 
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rence of severe types of silicosis. 
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Firming Up Soft Shoulders 


With Cotton 


New facts and procedure developed in Rhode Island in stabilizing sand shoulders on 


highways and in redressing tar roadways with a cloth and bitumen armor coat 


stabilizer of thin bituminous road 

surfacing the highway department 

Rhode Island offers some new facts 

procedure and a new use of the 
rocess for firming up soft shoulders. 
fhe larger undertaking was a resurtac- 

operation on a short section of 
Round Top road in the town of Bur- 
rillville. The shoulder surfacing was 
mn Ten-Rod road in Exeter and as it 
presents the greater novelty it is de- 
‘ribed first. 


I: CRYING OUT cotton cloth as a 


Shoulder stabilization 


len-Rod road completed last year is 
rravel, surface-treated with tar. The 
houlders were left untreated and being 
very sandy have been a serious traffic 
hazard and this year it was planned to 
vive them a bituminous surface treat- 
ment. With the example of the cloth- 
reinforced Round Top road in mind and 
‘loth being at hand the thought occurred 
it using cloth-reinforced construction 
m the soft shoulders. The accompany- 
ing views indicate the procedure 
idopted. 
In general the cloth covered only 
ie ordinary shoulder width but on 
certain sections in cut it was carried 
ut to the toe of the slope to prevent 


+} 





erosion. The method of treatment was 
to apply 4 gal. per sq.yd. of M.C.2 
(cutback asphalt) to the sand and then 
to lay the cloth, after which the cloth 


was given a sprinkling of 4 gal. per 


sq.yd. of the same M.C.2 oil and a lib- 
eral coating of sand. A second }-gal. 
treatment and sand blotter followed on 
most sections. So far the results are 
favorable; the shoulder treatment has 
kept all vehicles from stalling although 
there was at first some rutting by trucks 
which had to be ironed out by rolling. 
It is believed that such trouble will dis- 
appear as the asphalt sets up hard. 


Travel-surface treatment 


The Round Top road was originally 
designed and let to contract as a 
surface-treated gravel construction ac- 
cording to the standard specifications 
for this type of pavement in use by the 
state division of roads and _ bridges. 
This pavement consists of 8 in. of 
gravel built up in two courses on a pre- 
pared subgrade. The first, or bottom 
course, is 5 in. of graded gravel and 
the top, or wearing course, is 3 in. of 
graded gravel. The top course is treated 
with } gal. per sq.yd. of 13-18 tar as 
a penetration coat and sealed with 4 
gal. per sq.yd. of 25-35 tar and then 


SPREADING CLOTH from a spool on a truck to stabilize the soft shoulders of 


a surface-treated gravel road; note that cloth is carried out nearly to the toe of 


the side slope in cut. 


covered with about 20 Ib. of fine, sharp 
sand. 

In this experiment, making use of the 
cotton cloth, it was decided to use 
8-pick fabric; this is an open weave 
with about 8 threads to the inch. This 
fabric was placed directly on the top 
or wearing course of the gravel road 
after it had received its initial applica- 
tion of } gal. per sq.vd. of 13-18 tar 
and had lain at least five days to one 
week exposed to the weather. The 
surface was covered with the fabric 
rolled out longitudinally ; as the cloth 
was only 435 ft. wide, it gave when 
lapped 2 in. a total width of 16 ft., 
which left a 1-ft. strip on each side of 
the surface which did not have any 
fabric covering. 

No difficulty was experienced in un- 
rolling the fabric as it was a clear and 
comparatively windless day. To keep 
the edges from moving or curling small 
quantities of sand or chip stone were 
spilled along them. After the fabric 
was down, trucks, loaded and empty, 
and also passenger cars ran over it at 
speeds of 10 to 15 miles per hour, with 
no particular detrimental results. The 
work was carried out in two phases as 
follows: 

Sand Coated Fabric—The fabric af- 
ter being laid was covered with 4 gal. 


CLOTH UNROLLED by hand; four 
strips of 4% ft. cloth ee 2 in. covered 
16 ft. of an 18-ft. road. 
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OPEN-MESH FABRIC, eight threads to the inch, was used on Round Top 
road; this is a medium weave as practice varies from six to twelve threads per inch. 



























































































































































































































































ONCE TACKED DOWN on the prime coat the cloth is traveled over by 
the distributor truck without injury. 


per sq.yd. of 25-38 tar; this applica- 
tion served to soak the cloth for preser- 
vation and adhesive purposes. There 
was a marked absorption by the fabric, 
but it did not take the complete 4 gal. 
as plenty was left on top. The appear- 
ance of absorption was somewhat de- 
ceptive as tar, after it had gone through 
the meshes, could not be readily seen 
free on the surface. However, even in 
the spots where there appeared to be 
no free liquid the tar had apparently 
got under the fabric and could be forced 
back up through it by slight pressure. 

The initial 4 gal. per sq.yd. applica- 
tion was immediately sanded lightly with 
about 10 to 12 lb. of sand per square 
yard. After this sanding another } gal. 
per sq.yd. of the same quality tar was 
immediately applied and covered with 
20-25 Ib. of sand per square yard, and 
no further treatment was applied. While 
the amount of sand may seem excessive 
for the gallonage of tar, it was used in 
an attempt to build up a mat on the 
cotton fabric as a protection against 
actual contact of the cloth with traffic 
wear. On inspection on the day fol- 





lowing the treatment as outlined, it ap- 
peared that no bad results need be 
anticipated from the apparent large 
amount of sand used and that the fabric 
was completely covered by good seal 
of sand and tar. 

Stone Coated Fabric—After being 
laid, the fabric was covered with 6/10 
gal. per sq.yd of Binder A (150-210) 
applied at 200 deg. F. This coating 
served to penetrate the fabric and act 
as a preservative for it and as a binder 
for the stone chips. These chips were 
applied immediately after the tar at 
the rate of about 25 Ib. per sq.yd. It 
was intended to roll the chips the same 
day but as some seal coat had been ap- 
plied on a portion of the surface about 
1600 ft. in length between the location 
of the roller and the location of the 
stone chips it was found upon trial that 
it was not feasible to put the roller 
over the fresh seal that evening. The 
following day the stone-chip-covered 
section was viewed and it was found 
that the chips were being embedded in 
the tar by traffic and the roller. More 
stone was considered advisable in some 


sparsely covered patches. The t 1 
still tacky and oozy and the stone . oulg 
not be forced into it by pressure. 
was no particular evidence of f: 
or cutting of the cloth by stone c! 
An analysis of the approximat: 
of the two types of surfacing foll 
1. Laying cotton cloth and sa: 
600 sq.yd. of cloth used: 


Labor 12 hr. at $0.50 
Truck 1.5fhrs. at 1.75 


eee e eee, 
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= $0.0158 per sq.yd. over contract 


600 
price of $0.42 


2. Laying cotton cloth and spreading 
stone chips; 1,000 sq.yd. of cloth used: 


Labor 20 hr. at $0.50 ...... 10.00 
Trek Zobrat 175 ...... 4.37 
Driver 2.5hr. at 0.60 ..... 1.50 
Roller 4.0hr.at 2.50 ...... 10.00 
Stone 21.05 tons at 3.10 .... 62.26 
pinger A: 329 gal. .oin cc ces 63.48 
154.61 154.61 





= $0.15461 per sq.yd. over the 
1000 
contract price of $0.42. 


——4——— 


Deadly Gas Formed in 
Water Tunnel 


A STRIKING EXAMPLE of the poten- 
tialities of hazard from use of 
chemicals in water purification may be 
found in a recent experience at Chicago 
where evidence was uncovered that se- 
vere headaches and coughing among 
men working in the basement of one 
of the pumping stations were probably 
caused by the presence in the atmos- 
phere of a small amount of phosgene, 
a deadly war gas, which was carried 
into the station through a duct connected 
to a water tunnel shaft in which 
chlorine solution was being applied. H. 
H. Gerstein, sanitary engineer, Chicago 
water purification division, presented 
the following facts to the Wisconsin 
section of the American Water Works 
Association. 

Tests showed the presence in the 
shaft of chlorine gas and an inflammable 
gas, the identity of which was not de- 
termined. Decreased water coverage 
over the ends of the chlorine solution 
hose because of low elevation of the 
water in the shaft, caused by abnormal 
flow in the tunnel, allowed the escape of 
chlorine gas, while the presence of the 
inflammable gas in the shaft was found 
to be due to infiltration from surround- 
ing soil. Phosgene the presence of 
which was determined by qualitative test 
in the duct leading from the shaft to 
the pumping station apparently was 
formed by the combination of chlorine 
and carbon-monoxide gases. Fortunately 
the condition was rectified before any 
damage was done. 
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Better Flood Forecasting 
And Flood Warning Needed 


Federal government should strengthen the flood-fore- 
casting facilities of the U. S. Weather Bureau—A quali- 
fied hydrologist in each district office should be charged 
with responsibility for issuing advance warnings of floods. 


By Robert E. Turner 


Susquehanna Electric Co., 
Conowingo, Md. 


RECENTLY there was published in 
the CircLe of the United Gas Im- 
provement Co. an article by Robert 
E. Turner commenting on the in- 
adequacy of the flood forecasting 
and floodwarning service of the 
federal government and proposing 
means for improving that service. 
Because that article is especially 
pertinent at this time when ex- 
tensive reorganization of federal 
departments is under consideration, 
the editors of ENGINEERING NEwS- 
Recorp asked permission to reprint 
it. The permission was granted, 
and subsequently Mr. Turner re- 
vised his comment. It is here pre- 
sented in its revised form.—Ep1Tor. 


LTHOUGH there are many proj- 
A ects being submitted for consid- 
eration under the federal flood 
control program, yet, nowhere have I 
seen any notice made of a matter of 
paramount importance, namely, a uni- 
fied, adequate flood forecasting and 
warning service. Such a service should 
be considered in any national flood- 
control program, because not only would 
such a service limit to a great extent the 
justification for expensive flood control- 
projects undertaken purely for expe- 
diency, but, oddly enough, adequate fore- 
casting facilities are required in order 
to operate properly the flood-control 
projects. 

I do not mean to disparage flood-con- 
trol works, but, the public mind should 
be disabused of the fact that after well 
designed flood-control works are fin- 
ished, no further attention need be given 
to flood-producing rains. The proper 
operation of flood-control projects will 
always be dependent upon timely and 
accurate flood forecasts. 


Flood control must stand alone 


Flood-control projects should justify 
themselves on flood control alone, be- 
cause, generally, they are contradictory 
to the idea of navigation and power 
development. Full pools are necessary 
to navigation and to power. Empty pools 
and large ones are necessary for flood 
control. The two things do not go to- 


gether. Flood-control projects should be 
justified as such only by the possible sav- 
ing of life, property damage, and suffer- 
ing of those affected. As far as loss of 
life is concerned, I was told recently, by 
an army engineer, that the Corps of 
Engineers lose every year in its river 
work, as many lives as were lost during 
the floods of last spring. So, the problem 
resolves itself into an economic ques- 
tion: “How much should be spent to 
save how much?” To me, forecasting 
would minimize to a large extent prop- 
erty damage and suffering, and make a 
good substitute for expensive flood-con- 
trol schemes. Certainly, a unified fore- 
cast system is of great enough impor- 
tance to be considered in its proper 
proportion in any national flood-control 
program. 

I can see no insurmountable obstacles 
to giving adequate flood forecasts and 
warnings at least twelve hours in ad- 
vance anywhere, on any watershed; but 
the unified, adequate flood forecasting 
service necessary to do this is not in evi- 
dence now; mainly, I believe, because 
while such work is a function of the 
Weather Bureau, that organization lacks 
full responsibility and adequate appropri- 
ations to do the job properly. It is a 
service that properly belongs to the mete- 
orological organization, because river 
stages are a function of precipitation, 
and the observing and collection of 
precipitation data must be carried on by 
the Weather Bureau for many objects 
other than river stage forecasting. 
Then, in addition, the Weather Bureau 
has a large and nation-wide organiza- 
tion functioning daily, and where neces- 
sary twenty-four hours a day, for dis- 
seminating weather information. The 
river information, which goes hand in 
hand with the former, can be handled 
economically and to best advantage by 
the same organization. 

Because of the multiplicity of other 
duties imposed upon the field officials 
of the Weather Bureau, it is extremely 
difficult for these officials to give the 
requisite amount of time to the river 
and flood forecasts. The vital need for 
flood forecasting, in which the great 
mass of people are affected, comes so 
infrequently that the service degenerates 
because of other more popular interests 
demanding the attention of the Weather 
Bureau officials. Then, in time of need, 
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the service is found wanting. The results 
are excuses. I recommend that there be 
placed in the district office of the 
Weather Bureau in each drainage sys- 
tem, a qualified hydrologist to devote his 
entire time to this work. He would be 
responsible, and the only responsible 
source, for river forecasts in that entire 
drainage system. 

Flood forecasts, for the most part, are 
now made by following the gage heights 
of the upper tributaries, because that 
method will give the most certain gage 
heights on the main streams, both as to 
time and amount. Except for the effect 
of large tributaries feeding into the 
stream, this method is accurate and re- 
quires little human judgment. Certainly, 
the results of such forecasting by the 
Weather Bureau speak for themselves 
on the large, slowly moving, navigable 
streams. But, to forecast floods in the 
smaller, more swiftly moving streams 
termed “flashy”, such as those draining 
the Appalachian range of mountains, is 
more difficult and requires a different 
method. Here, floods may occur and pass 
in a matter of hours, or, at least, in less 
than three days. 


Precipitation forecasts needed 


Adequate precipitation forecast is a 
very vital phase of flood forecasting on 
these flashy streams since we must, to 
some extent, contemplate flood warnings 
on expected rain, because in some cases 
it is only a matter of hours between the 
flood producing rain and the resulting 
flood. Quantitative forecasts of precipi- 
tation and temperature must be avail- 
able to the hydrologist ; at least, he must 
have the benefit of unofficial discussions 
within the organization of the Weather 
Bureau itself, amplifying and qualifying 
the published forecasts. Ten years ago, 
the factors necessary to make such a 
forecast were so problematic and un- 
certain that forecasts of this nature 
were considered impossible. Now, im- 
petus and the data for such forecasts 
has come through aeronautical develop- 
ment. The increasing knowledge of the 
structure of “highs” and “lows”, the 
process concerning their genesis, con- 
tinuance, and dissipation, and the loss of 
precipitation causation is slowly but 
steadily developing the art of weather 
forecasting into a reasonable science. 
Further impetus for mastery of this 
subject can come from flood forecasting. 

The hydrologist must have a thorough 
knowledge of his watershed character- 
istics which he can acquire only by 
much study, and what is almost equally 
essential, a personal and continuous 
acquaintance with the rivers themselves. 
The best flood formulas require human 
judgment in their application. The hy- 
drologist must have a continuous knowl- 
edge of conditions as to frozen ground, 
snow or ice on the ground, and the 
saturation of the ground from previous 
precipitation existing on every tributary, 
in order to corelate these conditions 
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with the quantitative forecast of 
weather. To this end, I recommend that 
weekly snowfall bulletins, as issued by 
some Weather Bureau stations, be ex- 
tended to include every watershed on 
which snow affects the runoff, and that 
these bulletins be given a more general 
circulation. 


Precipitation rate predictions 


An adequate gaging system to sub- 
stantiate the forecast both as to pre- 
cipitation and runoff is of course nec- 
essary, and its adequacy includes con- 
tinuous communication. Not only are 
observations at the moment valuable, 

but also the rates of their changes, be- 
cause peak runoffs depend greatly upon 

the rates of precipitation. I do not 
think I am too impractical when I sug- 

gest the possibility of establishing a 

minimum number of strategically lo- 

cated precipitation and stream gaging 
stations that will have a continuous 
means of communication with the hy- 
drologist, or, better yet, have equip- 
ment for remotely recording the ob- 
servations. These stream gaging sta- 
tions should be protected against inun- 
dation, so that the loss of records, as 
experienced in the last flood, will not 
take place. Care should be taken in 
locating the precipitation stations in 
order to get true values of precipitation 
in the watersheds because at present 
the cooperative stations are in the main 
in populous areas located in the valleys, 
and I doubt if they give a true average. 

In order to properly forecast flows in 
advance, it is necessary to rate all 
stream-gaging stations on the basis of 
quantity of water flowing, using the 
gage height only as a guide. Under 
the present system of forecasting by 
gage heights, it is necessary to wait 
until the water gets into the river to 
see the resultant gage height, and from 
the gage height to forecast the effect 
further downstream. In order to fore- 
cast floods sufficiently early, it is nec- 
essary first to forecast the quantity of 
water runoff, and from that the ex- 
pected gage height. The United States 
Geological Survey has rated a great 
number of stream gaging stations in 
recent years. Instead of both organiza- 
tions (Geological Survey and Weather 
Bureau) maintaining stream gages, I 
recommend that this phase of the work 
be turned over entirely to the Geo- 
logical Survey. 

Certainly, with the excellent com- 
munication facilities available today— 
radio, telephone, and telegraph—an ade- 
quate warning system could be devised 
for the dissemination of advisories and 
warnings when the forecasts are avail- 
able, so that no one would be ignorant 
of the probable flood conditions. Prob- 
ably the most important consideration in 
giving adequate warnings is to have 
one source of information only, for the 
dissemination of these warnings. 

The practical result from following 


ENGINEERING News-Recorp, NovEMBER 26, 1936 





such a plan as I have outlined should 
be that the hydrologist in each district 
office of the Weather Bureau would 
know what could happen, by his per- 
sonal acquaintance with the watershed 
and conditions existing in that area. 
From the quantitative forecasts from 
the forecast center, he could estimate 
what would happen and give his first 
advisory warning if he deems it nec- 
essary. <As the forecast begins to ma- 
terialize, the gaging system will start 
to substantiate the forecast and esti- 
mates, so that definite warnings can 
be issued for the tributaries and main 
stream. 

It has been brought to my attention 
that, in general, the recommendations 
and suggestions that I have given are 
very much in accord with the plan now 
being worked out by the Weather Bu- 
reau, whereby the bureau officials are 
striving for reorganization and 
strengthening of their river and flood 
service. To overcome the admitted 
weakness of this work, they have re- 
cently placed qualified hydrologists in 
two of the drainage basins and con- 
template an adequate number when 
funds are available. They also feel 
that they now have sufficient discharge 
data to place this work on a more ra- 


tional basis and have started to 
over from their “rule-of-thumb’ 
casts on river stages. 

My suggestions is to consider 
program of flood control the reorg 
tion and strengthening of the riy: 
flood service of the Weather }3 
giving undivided responsibility 
Weather Bureau, together wit! 
means to promote the work. I: 
not seem logical nor desirable, in 
days of government spending an: 
perimentation, that the Weather Bi 
should be handicapped by insutt 
funds to make their service first 
with adequate facilities ready fo: 
emergencies. I am sure the funds \ | 
be efficiently administered. Not 
would it result at once in worthy 
and lasting benefits to everyone, but 
impetus given to forecasting of met 
ological conditions in general would |: «J 
to unforeseen benefits. Certainly, in 
adequate, unified flood-forecasting s: 
ice should be considered in any nati: 
flood-control program, for not on\\ 
would such a service limit toa great 
extent the justification for expensive 
flood-control projects undertaken 
cause of expediency, but the proper «) 
eration of flood-control projects will | 
dependent upon accurate flood forecast 





Indirect Employment from PWA 
More than Half of Direct Employment 


OR EVERY THOUSAND MEN employed 
F at the site on PWA construction 
projects, 658 men are employed in the 
fabrication of the materials used on the 


work. This conclusion is reached in a 
survey made by Herman B,. Byer of 
the Bureau of Labor Statistics and 


published in the October number of the 
Monthly Labor Review. The survey is 
a preliminary report on a study which 
is now nearing completion. 

Mr. Byer found that in the three-year 
period from the start of the PWA pro- 
gram to June 1936, contracts had been 
awarded totalling $3,122,623,000 for 
federal and non-federal construction 
projects. Up to June 15, $692,928,000 
had been used for payrolls at construc- 
tion sites, representing 6,475,000 man- 
months of labor. Material orders dur- 
ing this same period total $1,288.775,- 
000, producing an additional 4,261,700 
man-months of labor in the finishing of 
material. Thus the total employment 


produced by the three years of the 
PWA program is, according to Mr. 
Byer, 10,737,700 man-months. These 


figures do not include extraction and 
transportation of raw materials, but 
only fabrication work in mills and fac- 
tories. 

The bureau arrived at its figure for 
indirect employment by attributing to 
PWA that fraction of a manufacturer’s 


payroll which PWA orders are of his 
total production. Thus, if one-third of 
a manufacturer’s total output goes into 
PWA construction, the statisticians es- 
timate that one-third of his total pay 
roll is attributable to PWA orders, 


<sriccheatlcanaseiae 


Typhoid Fever Outbreak 
Traced to Polluted Spring 


ie AN OUTBREAK of 60 cases of typhoid 
fever in Bergen County, N. J., 
between July 1 and Sept. 7, it was 
determined, according to the Public 
Health Report, Vol. 51, No. 42, that 40 
of these cases were traceable to a pol- 
luted spring in the town of Englewood. 
Investigation showed that the spring 
water was used by persons passing by, 
who stopped for a drink or took home 
bottles of the water. The spring was 
actually a stone reservoir fed by a pipe 
and having an overflow spout. The 
water had evidently been polluted by 
human feces deposited nearby, the con- 
tiguous area being covered by a growth 
of bushes. Numerous rodent holes per- 
mitted the surface water from heavy 
rains to wash this pollution down to 
an open jointed tile pipe that carried 
water from a hidden spring to the 
reservoir. 
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CURRENT HIGHWAY PROBLEMS—IX 


ong-T'ime Road Planning 


Rooted in public benefit and convenience, long-time planning 


includes all highways and rests on statistical 


DOGMATIC ASSERTIONS regard- 
ing road planning invite certain con- 
tradiction but in general it may be 
said that there is no budget planning 
of highway improvement over a 
period of years in the United States. 
Lest exceptions be hurled at us in- 
stantly let it be said that this state- 
ment does not deny a wide measure of 
public-roads planning. Since 1916 
state and federal-aid system planning 
has been a requirement for the benefit 
of federal aid in roadbuilding expendi- 
tures. Similarly state aid to counties, 
absorption of county roads by states 
and of township roads by counties, 
and other methods of centralization 
have brought a measure of planning 
to secondary and tertiary road sys- 
tems. Again individual metropolitan 
counties have carried out well-planned 
system improvement. This system 
planning has rarely been on a budge- 
tary basis for a period of years 
and never for all roads of the states. 
The reasons for this situation are re- 
viewed in the article that follows. Ap- 
proaching the subject as a student of 
transportation, Professor Breed pre- 
sents an analysis of conditions and 
outlines the methods that need to be 
followed for long-time highway plan- 
ning with a budgeted system of 
financing. —EbpIrTor. 


NTIL THE BEGINNING of the 
twentieth century the  require- 
ments of the horse-drawn vehicle 
controlled the characteristics of roads 
nd pavements. At that time few of 
he states had a highway department or 
any other central authority for ad- 
ministering highway layout and con- 
truction in a state-wide sense. Road 
ntrol was local; it was in the hands 

{ the counties or townships and be- 
tween these there was little cooperation. 
'ven as late as 1910 few states had or- 
vanized highway departments. A more 
r less coordinated system of rural high- 
ways had developed by a natural 
growth, influenced somewhat by com- 
mercial and governmental needs; but it 
was not the result of deliberate planning 
is a highway system. The era of growth 
had been one of equine transportation 
ind had been of long duration; the best 
roads developed during that era were 


By Charles B. Breed 


Professor of Railway and Highway Transportation, 
Maseachusetta Institute of Technology, 
Cambridge, Maes. 


of gravel or waterbound macadam and 
were quite suitable for horse-drawn 
traffic but proved wholly inadequate for 
the needs of faster moving traffic. 


Planning has evolved 


It became apparent that just as the 
introduction of the locomotive had led 
to the development of the railroad sys- 
tems, so the invention of a new and 
swift means of land travel, the automo- 
bile, demanded new facilities. New 
highway systems were essential, and 
local control as a method of administra- 
tion was impossible. This led to the be- 
ginning of systems of rural highways 
and the inception of state-highway 
planning. 

First State Action—The Federal Aid 
Act of 1916 required that every state 
must have a state highway department 
or its equivalent before it could avail 
itself of the benefit of federal funds. This 
act as revised in 1921 also required that 
a certain percentage (3 per cent) of 
each state’s rural highways should be 
designated as primary or trunk-line 
highways and another (4 per cent) se- 
lected as important intercity and con- 
necting roads. For these important 
roads, the control was centralized in 
one organization and for the first time a 
systematic plan for their improvement 
was made possible. The need for long- 
time planning was not at first apparent 
or pressing because the immediate needs 
were so obvious. The problem was to 
improve at once those roads which were 
so inadequate as to be practically im- 
passable for motor traffic during much 
of the year, and to extend the improve- 
ment each year as finances permitted. 

In this initial stage the secondary 
and local roads, outside the selected 
state-highway system, remained in the 
hands of the counties and townships. 
Some states provided financial aid and 
suvervision for the construction of these 
local roads, but there was no centralized 
planning for their systematic improve- 
ment. Also each incorporated city and 
larger town had some sort of street 
department before the automobile ap- 
peared. These departments were faced 
with the problem of adapting their 


investigation 


streets to motor traffic, and in general 
they worked out their own salvation in- 
dividually without much financial or 
engineering aid from the state-highway 
department. 

Extension to Local Roads—During 
the first two decades of the present cen- 
tury state-highway departments were 
created; in the third decade the motor 
truck and bus added new engineering 
problems. By 1930 the primary systems 
of state highways in many states neared 
completion in terms of improved sur- 
faces on existing locations, yet many 
miles as initially constructed soon proved 
to be inadequate because of the unantici- 
pated increase in traffic and increase in 
wheel loads brought about by the advent 
of the heavy truck. The problem of the 
present decade is the modernization of 
pavements of obsolete types, improve- 
ment in alignment for higher speeds 
and improvement of local roads which 
were forgotten in the feverish rush to 
improve the main routes of travel. The 
mileage that has been improved is but a 
small percentage of the total, yet the 
greater part of the traffic has been given 
fairly adequate roads. Attention is now 
being given to local roads serving farm- 
ing districts and smaller towns, which 
are feeders to the state system. Many 
of these roads are the original dirt roads 
with no appreciable improvement. But 
the slogan “take the farmer out of the 
mud” has become popular and progress 
is being made in this field. 

The improvement of these local roads 
with the aid of state funds is being ac- 
complished in two ways; either a large 
mileage of these roads is being added 
to the state-highway system (as in 
Pennsylvania), or a larger part of the 
motor-vehicle revenue is being allotted 
to local roads with the supervision of 
their improvements vested in the state- 
highway department. This centralization 
ot authority over the improvement of 
all rural roads of any importance has 
made possible a coordinated systematic 
development of the whole rural system. 
Here again, however, the immediate 
needs are so obvious that the necessity 
for long-time planning has not been 
given adequate attention. 

City and Town Planning—During 
this progress of rural highway develop- 
ment the cities and towns were left 
pretty much to themselves. At first 
their problem was to convert their 
































































































































































































































































































































































































































































































































cobble-stone and waterbound macadam 
streets into smooth and_ dustless 
thoroughfares. A few arteries through 
or around cities were built by the state- 
highway department for the purpose of 
expediting through traffic, but 
improvements, although costly 


these 
and of 
great service to the motoring public, 
still left the major burden of traffic 
expenditures upon the shoulders of the 
local city-and-town street authorities. 

When a rural highway becomes con- 
additional lanes or alternate 
routes can be provided without great 
cost other than for their construction. 
In urban districts however the land is 
occupied and valuable, and the cost of 
street widenings is often prohibitive. 
The traffic problem of a city must be 
developed scientifically by making the 
best possible use of the existing facili- 
ties available and by construction only 


gested, 


of those new facilities which are 
definitely essential. This type of de- 
velopment requires the most care- 
ful planning. To this end most cities 


have permanent planning boards which 
study the highway and traffic problem 
of their metropolitan district as a whole, 
and make recommendations for its im- 
provement both as to physical layout 
and traffic control. 

One of the biggest fields for highway 
planning and future development lies 
in the cities. The solution of their com- 
plicated problems will tax the skill and 
ingenuity of engineers and planners for 
years to come. City surgery will solve 
some of the vexing wroblems, elevated 
highways others, but scientific traffic 
routing and control of parking will go 
far toward simplifying the city-planning 
problem, 

Trend to Centralisation—In_ recent 
years there has been a definite trend 
toward a further centralization of high- 
way planning in a planning board or 
commission which shall view objectively 
the highway problem of an entire state 
without respect to classification or juris- 
diction. Such a commission is usually 
made up of representatives from the 
state highway department, local county 
and township road authorities, municipal 
highway organizations, and legislative 
appointees. Its purpose is to develop a 
plan of highway improvement which 
will best serve the public needs both 
present and future, to recommend the 
proper allocation of motor vehicle funds 
for the realization of this plan and to 
offer a program of improvement cover- 
ing a period of several years in ad- 
vance. 


Broader planning vital 


this broader sort has 
necessary, since the inde- 
pendence of authority for state high- 
ways, local roads and city streets leads 
to an unbalanced development of the 
highway network as a whole. The 
motor-vehicle owner who has a right to 
expect highway service is no respecter 


Planning of 
long been 
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of these arbitrary divisions. He travels 
anywhere, passing from town- 
ship road to state highway and through 
city without knowing where 
these boundaries are. The logical justi- 
fication for highway planning and de- 
velopment is the highway — service 
rendered by these public works. The 
extent and relative value of this service 
can be obtained only by traffic and eco- 
nomic surveys which embrace all high- 
ways. Generally speaking, the highway 
user is willing to pay the cost provided 
he receives highway service. The logical 
basis for the proper allocation of high- 
way funds therefore lies in the im- 
provement in public benefit and con- 
venience. 


freely 


streets, 


In the past the tendency has been to 
concentrate motor vehicle revenue upon 
the state highway systems which com- 
prise only about 10 per cent of the 
total mileage in most states and accom- 
modate from one-third to one-half of 
total state traffic measured in 
vehicle-miles. This disposition of motor 
vehicle funds was necessary at the start 
in order that the much-needed primary 
ystem could be built quickly to meet 
the rapidly increasing use of the auto- 
mobile. But now that this has been ac- 
complished to a large extent, future de- 
velopment and planning should take 
more careful note of the source of high- 
way revenue and distribute these funds 
with greater attention to their source. 
The classification of highways which is 
of benefit to the highway planner is one 
based upon traffic use and service ren- 
dered. Such a classification must be 
state-wide and cannot be cramped or 
distorted by political or administrative 
boundaries. The carrying out of a high- 
way plan may be entrusted to the sev- 
eral highway administrative authorities 
but the conception of the plan and the 
recommendations for its execution 
schedule should come from a planning 
body which has possession of all the 
facts and interprets them impartially. 

Failure to plan broadly and 


the 


far- 


sightedly has led to an _ unfortunate 
diversion of motor vehicle funds in 
many states. With the completion of 


the primary system all motor vehicle 
funds were not immediately required 
for that system in many states. Many 
legislators have come to believe that 
this created a source of easily-collected 
revenue which could be devoted to other 
purposes and large amounts have been 
appropriated for purposes other than 
highways. Once diverted, these funds 
are recaptured only with difficulty. Had 
there been sound long-time planning 
based on a comprehensive study of all 
highways, it would have been possible in 
most states to demonstrate that all avail- 
able motor-vehicle funds, and more, 
were required for the necessary develop- 
ment of local roads, for the continuous 
maintenance and modernization of the 
primary system and for the relief of 
traffic congestion in urban centers. The 
time is at hand when a stabilized pro- 








gram of statewide highway deve! 
and maintenance should be prep 
every state in the Union and an « 
prepared of the financial requi: 
for that program over a period 

This would be the sound and 
answer to the diversion of h 
revenues, 

With this end in view, comm 
have recently been appointed in 
ber of states, notably New York, ° 
gan and Illinois. These bodies a; 
gaged in assembling the necessary | 
and economic data. The state of \ 
York recently reported a five-yea: 
gram for highway improvement 
upon the results of a comprehe: 
state-wide survey. 

Highway planning should be reg 
in character and not limited eve: 
state boundaries. There should } 
operation between states, so that 
best interests of the region as a \ 
may be served. In New England, 
example, a regional planning com: 
sion has been created, which is wo 
out a plan for this region in coopera: 
with the several state planning bi 
and other interests. The activitie 
this planning commission include < 
sideration, not of highways alone, 
of all other modes of transportati 
they include also consideration of 
sources, flood control, industry and 
creational facilities, all of which 
regional in character. 


Basic data required 


One of the first steps in long-time 
highway planning is to evaluate present 
highway facilities both as to their phy 
cal condition and their traffic use. Wit 
regard to the state systems, much 
this information is available from t! 
records of the highway departments, bu: 
is not assembled in such a way as to | 
readily available for planning purpos« 
Many states keep dependable records vi 
the character and costs of their high- 
way work, but these are usually burie‘! 
in the files according to the many con- 
tracts under which work was done, and 
in their present state reflect no adequat: 
picture of the system as a whole. Such 
data should be assembled according t 
road type and location, so that the cost 
and construction history of each route 
can be traced continuously from start 
to completion. Information of this kind 
can be comprehended more easily ii 
plotted upon a large-scale map of th 
highway system. A map of this sort is 
often referred to as a “master map” and 
is the foundation of highway planning 

The master map will not necessarily 
be a single map but a series of maps 
with the same road map skeleton, each 
map showing a different set of data. 


One map, for example, should show the 
physical layout, such as width, type of 
surface, year of construction and limits 
of contracts. Another map should show 
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This should be represented in a 
' of ways: as average annual 
fic. average daily traffic, daily traffic 
fa given month and maximum daily 
A further subdivision of the 
by origin and destination should 
ide for purpose of determining at 
4 ce the division of the traffic stream 
» ayy road between through traffic and 
traffic. Another map should show 
nomic characteristics of the high- 
system with respect to such items 
as struction cost, maintenance costs, 
all developed into annual costs. Addi- 
i] maps should be prepared showing 
iccident history of the highway sys- 
speed characteristics, population 
Is, wealth distribution, industrial 
rural areas and other data pertinent 
ghway planning. 
he final master map should be one 
ving the adopted classification of all 
ehways, and the proposed plan for 
vement, with a schedule of pro- 
cedure in carrying out the plan. This 
the practical process of long-time 





nning. 
\s stated above, the necessary s 
al data for plotting these basic maps 
usually available in the highway de- 
rtments and often centralized at the 
n office where it may be obtained by 
ficient digging in the files. Such work 
iires a large force of men and is a 
tile field for works-relief projects for 
“white collar” unemployed. It may 
» be carried on by the regular state 
rces in the winter months when con- 
ruction work is at a minimum. Traffic 
ta are available over a period of years 
many states. These have been ex- 
led greatly in recent years by relief 
rojects devoted to traffic counts and 
ilysis. Massachusetts, for example, 
; made periodic traffic counts on state 
hiways since 1909 and is now en- 
gaged in counting traffic on all rural 
local roads. Traffic surveys for origin 
nd destination for the purpose of dis- 
nguishing between through and local 
ratfic have been made in a few states, 
it for most states this represents work 
sull to be done. 
The extension of the master maps to 
‘lude data on all rural roads and town 
nd village streets is not easily ac- 
complished. Where records for these do 
xist, they will be found scattered 
hroughout the files of many different 
rganizations, but there is so little uni- 
rmity between methods of accounting 
hat the data obtained from different 
urces may not be comparable. A more 
tisfactory way of assembling data for 
ese highways is to take an inventory 
them in the field. This can be done 
vy examination of the entire mileage of 
these roads, making note of the physical 
ondition and general character of the 
trafic which use thege roads. The 
thoroughness of the inventory should be 
varied according to the importance of 
the road. 
From the data assembled on the mas- 
ter plans, it is possible to make a classi- 


tatis- 
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fication of all highways according to 
their traffic importance, starting with 
the most-traveled primary roads and 
ending with the local land-service roads 
serving only the farms in rural areas. 
A further subdivision may be made of 
the primary system into roads that are 
largely commercial and those which are 
used largely by private passenger cars. 
The classification should be flexible and 
changed from time to time as roads are 
improved or traffic importance is in- 
creased. 

A comparison of the master maps of 
highway condition and traffic im- 
portance will reveal how well any pres- 
ent degree of development fits traffic 
needs. It will identify those roads that 
are inadequate and require immediate 
attention; and it will also bring to light 
other undeveloped 
which would be of traffic importance if 
properly improved. From the classifica- 
tion and condition maps a schedule of 
progressive improvement may be pre- 
pared, which will be the basis for a 
stabilized highway program for the 


years ahead, 


connecting links 


Anticipating the future 


The data obtained from planning sur- 
veys and available on the master plans 
should be studied intensively to find out 
how well highways of types now in use 
have served and are now serving their 
traffic. This should be done in order to 
prevent repetition of the mistakes of the 
past and to provide more serviceable 
highways in the future. The proper se- 
lection of surface type and of width and 
alignment has been given too little 
thought in the past. This selection has 
social and economic aspects which are 
as important as the engineering fea- 
tures. Future road improvements should 
be designed to give adequate facilities 
safely and at a minimum annual cost. 

In the past too many highways have 
been constructed from rigid standards 
prepared from engineering considera- 
tions alone and used widely without con- 
sideration for varying traffic demands. 
This has resulted in overdesign in some 
places and underdesign in others. As 
traffic demands vary widely over dif- 
ferent parts of a highway system so 
should types of pavements vary. 

The past history of roads in service 
should be examined to see how well 
they have served their traffic, both as to 
adequacy and economy. This involves a 
study of their traffic density, mainte- 
nance costs of all kinds, probable service 
life, riding and safety qualities of the 
surface and state of congestion. All 
these data should be available from the 
planning surveys and used to the utmost 
in planning future highways at the least 
cost and the greatest service to the pub- 
lic. A multitude of types of pavement 
have been developed, varying from 
high cost to low cost. The choice among 
these should be based on the facts dis- 
covered by a study of similar roads in 


service. The design of alignment, width, 
and grades should likewise be based 
upon past experience, supplemented with 
a study of trends in motor vehicle use, 
accident occurrence and developments 
in motor vehicle design. Roads in serv- 
ice should be studied from the point of 
view of safety. Which highways have 
the poorest records, which the best 
records, and why? 

Highways should also be designed 
with due regard to the present and prob- 
able future demands of the region 
served. Will the growth be industrial, 
residential or rural? Is the population 
and motor car use increasing 
ing and at what rate? A wealth of 
traffic data has been assembled in many 


states showing the changes which take 


place in traihe \v lume after the im 

provement of highways or the building 
’ 

or aiternate ind b ss route Dhese 

‘ ‘ ' 


should be studied and used as a guide 


in predicting future traffic growth. For 
. ’ nie shy ? ' ' “~ } 
exaipile, Massachuse pel odi ally 
prepared an increase and decrease 
trathe-flow sheet showing graphically 
the changes in traffic flow which follow 
} 

the progressive extension and improve- 
ment of the highway vstel ind also 
the changes which result from local 

' ;, 

conditions such as the closing of a mill 
or development of a new recreational 
center. 


Le 

Closely allied with anticipated future 
requirements is a question of the future 
limitations of weight and size of motor 
vehicles. If limitations remain as they 
are now and no further weight increases 
are allowed, the highway problem in 
many states will develop into one of 
maintenance of existing improved high- 
way facilities, with occasional exten- 
tions and widenings to take care of in- 
creased volume of traffic. Further regu- 
lation may be necessary to limit the 
loads allowed on improved secondary 
roads which cannot be built  eco- 
nomically and at the same time serve 
the heavier vehicles. A logically de- 
veloped long-time plan for highway im- 
provement must be corelated and sup- 
ported by intelligent legislation rela- 
tive to vehicle loads, so that the present 
system of highways may be protected 
against loads heavier than those for 
which they were designed. 


Financing the highway plan 


Once the highway has been set up 
and the priority of projects established, 
the next step is to allot the available 
funds to these projects. The available 
funds will in general be the motor 
vehicle taxes, and the amount of work 
which can be done in each year will be 
limited by the amount of these funds. 
For certain large projects, such as long 
span bridges or the municipal arteries, 
it may be advisable to raise funds by 
bonds which should be amortized from 
motor vehicle revenue. 

The apportionment of funds should 
be made according to the needs of the 
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plan and with appropriate attention to 
the source of motor vehicle revenue. 
The apportionment cannot be limited to 





system of highways but must 
be general, embracing state highways, 
local roads and city streets. In order to 
accomplish such a distribution new legis- 


ny one 


lation may be needed in some states. 
The present practice of rigid distribu- 


tion between state highways and county 
roads and the diversion of highway 
revenue to other purposes must be cor- 
rected. In many states the disposition 
of motor vehicle funds varies greatly 
from year to year, depending upon the 
whim of the legislature, much to the 
detriment of progressive highway de- 
velopment. Legislation for the carrying 
out of a highway plan must be for a 


period, preferably not less than five 
to eight years. In this way the con- 


summation of a substantial portion of 
the plan will be possible and highway 
development in general will be on a 
stabilized basis for this period. 

Motor vehicles pay gasoline taxes and 
registration fees. Gasoline taxes are in 
effect a service or vehicle-mile tax. 
These taxes on a_ vehicle-mile basis 
represents the toll which these vehicles 
are paying to the state for the privilege 
of driving on the highways. The prod- 
uct of this vehicle-mile tax contribution 
and the number of _ vehicle-miles 
traveled on a given road is equal to the 
earnings of that road. Every road that 
is traveled contributes something toward 
the total tax collected in the state. The 
lightly-traveled roads contribute little, 
the more heavily-traveled roads, much. 
This revenue accrues from_ every 
traveled way in the state, and every road 
in the state is entitled to a share in it. 
The distribution of funds cannot be 
made to each road individually, but the 
distribution as between classes or sys- 
tems of highways should bear some rela- 
tion to the use made of them. This dis- 
tribution should be based on complete 
traffic data. As time goes on these data 
are becoming more and more complete. 

Michigan recently completed a traffic 
survey which showed that about one- 
half the vehicle-miles traveled in the 
state were on city streets, about one- 
third on the state highway system and 
the remaining one-sixth on local roads. 
The logical ultimate disposition of 
motor vehicle funds must be decided on 
the basis of such data. The automobile 
is essentially mobile, its place of garag- 
ing is no evidence of the roads used. 
The composition of traffic as to origin 
and destination is of economic interest, 
but so far as the traffic service which a 
road must provide is concerned, it mat- 
ters little whether a vehicle came from 
an adjacent farm or 200 miles away. 

While the highway system as a whole 
is still in its state of initial development, 
it may not be practicable to allocate 
funds wholly on a traffic-use basis. The 
needs of one unit of the system may be 
so great that it is advisable to devote a 
larger share of funds to that system than 


to another of greater traffic importance 
but less-urgent needs. Ultimately, as all 
branches of the system reach a state of 
development appropriate to their needs, 
the highway problem will be one of 
maintenance and reconstruction and the 
allocation of funds should more nearly 
approach a direct proportion to source 
of revenue as indicated by road use. 
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Long-time planning of highw 
provements and maintenance 
logical a procedure in the interest 
public as it is in any large In 
enterprise. That the public is bey 
to awake to this fact is encourag 
its intelligent conception lies e 
safety and the evident answer to 


sion of highway revenues. 


Mountain Dam Spillway 
Housed for Winter Work 


Concrete placed under a frame and canvas house heated by 


steam coils and wood stoves job-built from camp material 


By C. A. Gould 


Engineer U. 8, Forest Service, Washington, D. C. 


Although the building of concrete 
structures in high altitudes during the 
severe winter months is not recom- 
mended, those engaged in construction 
work sometimes find themselves in the 
situation in which the CCC Forest Serv- 
ice Camp building the Tensleep Creek 
dam in Wyoming found itself in No- 
vember, 1935. This dam is on the west 
slope of the Bighorn Mountains at 8,500 
ft. above sea level and in a locality par- 
ticularly notorious for heavy snowfall 
and extremely severe winter weather. 


The nearest railroad points are 50 1 
distant, and the little town of Tens] 
Wyo., is 20 miles down the west s! 
and provides only truck transporat 
facilities and daily rural mail. 
formed by the dam covers 300 acr 
of the Bighorn National Forest, 
will be used for recreation by the pul)! 
The dam is of earth and has a rm 
forced-concrete outlet and tower wh: 
were constructed under favorable te 
perature conditions. The reinforce 
concrete spillway, however, was start 
late in the season, and the low day a 
night temperatures made it necess: 
to use extreme care to maintain suital)! 


ENCLOSURE OF CANVAS and timbers heated by steam coils and wood stoves 
that covered sections of the Tensleep dam spillway as they were concreted. 
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Dahle Weasels i. 


nditions under which the concrete 
uid be mixed, placed and_ properly 
Temperatures as low as 32 deg. 
zero prevailed at times but only 
wrt durations; the average tem- 
ire during construction was from 

ito 10 deg. 
spillway was concreted under a 
ng made by supporting old canvas 
ivailable tentage over a framework 
f Jumber; a cross-section is shown by 
accompanying sketch. The canvas 
stretched over this framework from 
t-bank to cut-bank of the spillway 
xcavation, and no cold air was permit- 
d to enter except as workers passed 
hrough canvas flaps which hung over 

the openings. 
Beginning with the mixing process, 
‘at was provided for both the mixing 
ater and the aggregate, and the mixing 
lant and aggregate pile were housed 
er canvas supported on framework 
imilar to that used for the spillway. 
(he water was pumped from the river 
to a 3,000-gal. galvanized-iron tank 
about 60 ft. above the river and above 
all concrete operations. Heat was sup- 
plied to the water by a 12-hp. coal- 
burning vertical boiler from which a 
l-in. pipe conducted the steam through 
in open end at the bottom of the tank. 
[his kept the water in the tank hot and 
in its travel to the mixer very little 
heat was dissipated as the supply pipe 
ran under canvas for most of the dis- 
tance. The piles of aggregate were 
heated by two furnaces of two 24-ft. 
lengths of 24-in. corrugated-metal cul- 
vert pipe; the pipes were placed on a 
slight grade on the ground near the load- 
ing hopper of the mixer and were fired 
with wood at the lower end. The upper 
ends of the pipes extended outside the 
canvas house, thus conducting the smoke 
iway from the workers. The aggregate 
was hauled from the gravel pit by 
l}-yd. dump trucks and dumped on top 
of the 24-in. pipes, keeping a suffi- 
cient quantity piled over the furnace 
to supply aggregate for a section, or 
pour, of the spillway. The concrete 
was chuted from the mixer to wheel- 
barrows and transported to the forms 
long scaffolds placed on a level with 
he tops of the forms and reached the 
iorms at a temperature of about 80 deg. 
Heat was provided inside the spillway 
suse both by steam coils and wood- 
burning stoves. The steam coils were 
built up from scrap pipe, 2 in. in diame- 
ter, placed in parallel lines, spaced 4 
apart for the full length, the lines 
heing connected into a continuous line 
is Shown by the drawing. Live steam, 
in a small jet, was allowed to escape 
nside the canvas shelter, when men 
vere not working inside, and the end of 
the steam line was equipped with a valve 
for a bleeder which was opened slightly 

) prevent freezing in the line. 

The wood stoves were made from old 
netal gasoline drums. The drums were 
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horizontal. These stoves were built 
and arranged to give uniform heat 
throughout the section of concrete being 
protected, using an average of 12 stoves 
to each section. The gasoline-barrel 
type stoves, as constructed, made a very 
satisfactory heating device and one 6-in. 
pipe flue served to carry the smoke from 
six stoves and provide sufficient draft 
to keep the fires alive. 

Heat was provided around each sec- 
tion of concrete for 72 hours after it 
was poured, and field tests indicate that 
a good quality of concrete was obtained. 
A 5-kw. electric-light plant was set up 
at the upper end of the spillway from 
which distribution lines were = run 
through the canvas house over the spill- 


] 136 


way and to other points around t 
dam where light was required. The 
light made possible the placing of reit 

forcing steel and forms at night. After 
the spillway concrete was placed, the 


framework 


canvas was. stretched on 
over the cut-bank slope, making it pos 
sible to backfill and tamp earth on th 
outside of the spillway walls under 
favorable conditions. 

ther made it impos ible 


to dress up the dirt and rock slope 


The cold wea 


around the spillway, but it was con 


idered that a satisfactory job had been 
accomplished from the standpoint of 


Ss 


safety and use, leaving the landscaping 
and finishing touches to be done dut 
ing the following summer season 


Bridging the Rio Chiriqut 


On the Pan-American Highway 


Panama structure, first of three in Central America, is a 


400-ft. span cable suspension bridge with unloaded backstays 


By Conde B. McCullough 


U. S. Bureau of Public Roads, 
San Jose, Costa Rica 


HE FIRST OF THREE bridges, 
(authorized in a preliminary pro- 
gram of bridge building on the 

Inter-American Highway in Central 
America) to be placed under construc- 
tion crosses the Rio Chiriqui in the 
Republic of Panama. Together with 
bridges over the Choluteca River in 
Honduras and the Tamasulapa River in 
Guatemala, it is being financed by an 
appropriation made in June, 1934, by 
the Congress of the United States. 
The work is being done by the U. S. 
Bureau of Public Central 
American cooperation consists in fi- 
nancing and constructing the substruc- 
tures of the bridges. 

In Panama, the Carretera Inter- 
Americana traverses the country en- 
tirely on the Pacific slope, crossing 
Balboa basin on a ferry and passing 
through the towns of Penonomé 
Aguadulce, Santiago, Sona, Remedios, 
David and Concepcion before reaching 
the Costa Rican frontier. The Chiriqui 
River bridge is located some six miles 
east of David. 


Roads. 


Selection of type 


The design type selected is a 400-ft. 
cable suspension span with unloaded 
backstays. The sag ratio is 1 : 10, the 
clear roadway width 20 ft. and the 
total out to out length 655 ft. This 
type was chosen after rather mature 
and detailed study for the following 
reasons : 


(a) It is the only feasible type which 
lends itself to construction without 
falsework. This was probably the con 
trolling factor in the selection. The 
so-called invierno (winter, or wet sea- 
son) in Panama extends from May to 
December inclusive. The rainfall dur 
ing this period varies in different loca 
tions from 60 in. to as high as 200 in 
Rainfall is generally intermittent, but 
there are frequent periods of exceed 
ingly heavy rain which continue for 
several days. This concentration of 
rainfall coupled with the character of 
the drainage area renders Rio Chiriqui 
a difficult stream for falsework. Rapid 
rises accompanied by reported current 
velocities as high as 12 to 15 m.p.h 
occur during the wet season, and even 
during the month of February (which 
is probably the dryest month in_ the 
year) the records indicate the possibility 
of sudden minor floods with flash run 
offs and high current velocities on the 
flood crest. Under conditions such as 
these the difficulties inherent in the 
maintenance of falsework become al- 
most unsurmountable, especially with a 
stream bottom consisting of solid rock 
overlaid with a shallow stratum of 
gravel, which precludes the possibility 
of driving falsework piling. 

(b) It is the only type which trans 
mits its load through a flexible elastic 
tension system. This fact renders it 
particularly resistent to stresses caused 
by seismic movements. 

(c) Compared with other types, the 
center of gravity of the suspension span 
is located well below the level of its 
supports (tower saddles). This fact 


me ee 
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FIG. 1—SITE of the Rio Chiriqui Bridge. 
in the foreground. i 
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Form erection for the west pier is under wa 
Across the river the foundation for the east pier is being excavated, 


The old suspension bridge, to be replaced by the new structure, is shown upstream. 


also operates greatly to reduce earth- 
quake hazards and to cut down wind- 
stress values. 

(d) Because of the elimination of 
falsework, the suspension type lends it- 
self in Central America to superstruc- 
ture construction at any season of the 
year, thus rendering it possible to form- 
ulate an uninterrupted project pro- 
gram, 

(e) The heavy mass-concrete an- 
chorages necessary with this type lend 
themselves to construction with a mini- 
mum of skilled and a maximum of un- 
skilled labor, thus taking advantage of a 
comparatively cheap labor market and 
making it possible to provide a maxi- 
mum in local employment. 

({) The character of the natural 
foundation material (solid rock) is such 
as to render the construction of piers 
on the stream banks rapid, cheap and 
A channel pier, on the other 
hand, would have been extremely ex- 
pensive, because the shallow gravel 
overburden coupled with the swift cur- 
rents encountered would have necessi- 
tated a heavy double-wall puddle cof- 
ferdam. 

The only alternate was a cantilever 
with short counterweighted anchor 
arms, and this was discarded because of 
expense and unsightly appearance. 


easy. 


Details of design 


\li footings are founded on solid 
rock except the north pedestal, which 
upon a coarse gravel stratum. 
lhe abutments are of the so-called 
U-pedestal type, being in reality girder 
approach spans with enclosing curtain 
walls. The anchorages are of cellular 
construction. Other details are as indi- 


rests 


cated on the accompanying drawing. 

The stiffening truss system is of a 
conventional type, hinged at the towers. 
An attempt has been made to avoid the 
use of lace bars and battens; the chords 
are of the U-type and the diagonal 
system of rolled and built up I-sections. 
Curved gussets for architectural effect 
are employed for the top chord, 

In the tower design considerable at- 
tention has been paid to architectural 
detail. Box sections have been em- 
ployed whenever possible; the inspec- 
tion openings in the main tower columns 
have been given an arched top outline, 
and the portal and top strut have each 
been proportioned to the form of an 
ogival or pointed arch. 


Sidewalks for horses 
One feature of the design worthy of 


mention is the provision for equestrian 
as well as pedestrian traffic on ample 


sidewalks placed outside the trusses. 
The highways of Central America 
throng with horsemen, and with the 


inevitable future increase in motor ve- 
hicles a separate provision for this type 
of traffic is a most necessary safety 
measure. As a special concession to the 
horse the concrete sidewalks have been 
covered with asphalt planking over a 
width of five feet. 

The cable consists of nineteen gal- 
vanized, prestressed bridge strands, six 
of 1%%-in. and thirteen of 114-in. diame- 
ter. Each strand is to be cut and meas- 
ured to exact length, and end sockets 
are to be attached in tne shops. The 
locations of center lines of towers and 
cable clamps are to be marked on the 
cables for erection purposes. In order 
to prevent concentrated loads on the in- 











FIG, 2—WEST PIER of Rio Chiriqui 


Bridge, complete on October 4. In the 
background are the construction plant 
buildings. 


dividual wires and to prevent a tend 
to unwind the strands, adjacent stra 
of the composite cable are specified 
be of opposite lay. The modulus 
elasticity of the strand ropes after | 
stressing is specified to be not less t! 
24,000,000 Ib. per sq. in. and the yi 
point not less than 75 per cent of 
ultimate strength. The specificati 
have been so worded as to allow 
fabricator, if he so desires, to sub: 
for approval alternate cable designs e: 
ploying twisted wire rope in lieu 
the bridge strand rope specified. 
After all dead load is on the span a1 
the necessary adjustments made, 
cables are to be packed with suitah) 
fillers and given a heavy coating 
thick red lead paste followed by eo 
wrapping with No. 9 soft anneale (Silicon 
double-galvanized wire. The 
cable strands are splayed at the ancho: 


ages. 


n 


+ 
a So Ge OS 


variou T@2, 


Design loads and stresses 


Stringers and floorbeams are to be of 
silicon steel and all other members of 
carbon steel. The loading employed was 
standard H-15. The basic unit working 
stresses in tension are 18,000 Ib. per sy. 
in. for carbon steel and 25,000 Ib. for 
silicon steel. These stresses were in- ye 
creased 25 per cent for the following ‘nail 
conditions of loading: ie 

(a) Dead load plus live load plu : One 
impact plus temperature; (b) Dead “to | 
load plus half live load, plus impact naa 
plus temperature, plus wind. For th full 
stiffening trusses, an additional 10 pe: load 
cent increase in working stress valu 
was allowed, this procedure being in ac- 
cordance with usual practice which per- 
mits a higher working stress for stiffen- 4 
ing truss members on the theory that S four 
the integrity of the structure is not B the 
dependent thereon. The towers were 


it 
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Fig. 3—STRUCTURAL details of Rio 
Chiriqui Bridge on the Pan-American 
Highway in Panama 


| designed for a horizontal earthquake Central America, and the writer has 
| loading equal to 10 per cent of the been temporarily assigned to his organ- 
i gravity loading. stecl and castings as well as the cable ization to supervise the design and con- 
One connection in each of the chords system are to be given three additional struction of these bridges. Raymond 
= is to be left open at or near each of the paint coats. Archibald is first assistant bridge engi- 
} quarter points until the span is under The work is being done (coopera-  neer. 

i ull dead load to eliminate all dead tively with the various interested re- The U. S. Steel Products Co., New 
f load stress in the stiffening truss sys- publics) by the U. S. Bureau of Public York has the contract for the super- 
i m. All structural steel work is to be ' Roads under the general direction of structure which will be fabricated and 
§ given one shop coat of red lead and Thos. H. MacDonald, chief of the erected by the American Bridge Co. 


| paint except for the inside portions bureau and under the immediate direc- The substructure was built on a day 

| box sections which are to be given tion of E. W. James, chief of the divi- labor basis by the Republic of Panama 

tour coats of red lead and oil paint in sion of highway transport. D. Tucker under the direction of Sr. Don Tomas 
e shops. In the field all structural Brown is in charge of all operations in Guardia, Ingeniero Jefe de Caminos. 
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Book Reviens and Notes 


A Monthly Commentary on Current 
Additions to the Civil Engineer’s Library 


ue 


Bridges Old and New 


THE STORY OF BRIDGES—By Archibald 
Black. Cloth; 6x9 in.; pp. 226; halftones, 
Published by Whittlesey louse, New York. 
Price $2.50. 


Planned to interest and instruct the 
lay reader, this book, written by an en- 
gineer who is a special writer for the 
Port of New York Authority, has 
proper value for the engineer and par- 
ticularly if he is not a bridge specialist. 
The outline followed is historical from 
the Roman aqueducts through the age 
of timber and iron to the modern era 
and reinforced concrete. An 
innovation for this type of book is 
chapters devoted to the problems of the 
foundation builders, the designers and 
the erectors. The book contains 66 
illustrations showing interesting and 
famous bridges. 


of steel 


Commercial Alloys 


ENGINEERING 
Woldman and 
coid; 6x 9 in. ; 
by American Society 


ALLOYS—By Norman E. 
Albert J. Dornblatt.  Fabri- 
pp. 662; tables. Published 
for Metals. 


AN ELABORATE but confusingly arranged 
list of proprietary alloy steels and other 
alloys, followed by a list of manufac- 
turers, an advertising section and a 
slender collection of “useful data” tables, 
forms the odd book that has been put 
together under the title of “Engineer- 
ing Alloys.” The situation that led to the 
laborious compilation is sufficiently indi- 
cated by the fact that more than 8,000 
alloys are listed—most of them with 
chemical composition in at least approxi- 
mate form, and a considerable number 
with strength figures and a brief state- 
ment of leading qualities. The book may 
enable alloy steel users to find some de- 
sired data not otherwise within reach. 


Power Development History 


NEL CINQUANTENARIO DELLA SOCIETA 
EDISON—1884—-1934—By various authors ; 
Cloth, 9x13 in.; total pages 1,947; half- 
tones and line drawings. Published by 
Societa Edison, Milan, Italy. 


Tue SocietA Eptson of Italy for its 
fiftieth anniversary undertook a monu- 
mental task; it set out to trace the his- 
tory of the technical and economical 
development of the electric power in- 
dustry of the whole world, a record 
that has been written largely in the life 


ee 


span of the Societa Edison. The results 
ot its vast undertaking are found in 
four large and beautifully printed vol- 
umes of which any organization may 
justly be proud. Two of the volumes 
are so well and profusely illustrated 
that even those who do not read Italian 
can learn much from the line drawings 
and half tones. Volume I is devoted to 
the evolution of hydraulic structures, 
prime movers, electric machinery and 
transmission lines. Vol. II is devoted 
in part to the general ecenomic prob- 
lems of the electric industry and in part 
to the special problems of Italy. The 
latter subject is continued in Vol, III. 
Vol. IV is devoted to the development 
of Milan, where the Societa was found, 


and to the company’s own history. 
The first and last volumes are those 
that are illustrated. 


German Handbook 
For Sanitary Engineers 


TASCHENBUCK DER STADTENTWASSER- 
UNG—RBy Karl Imhoff. Paper; 4% x 7 in.; 
pp. 195; tables and diagrams Published 
by R. Oldenbourg, Munich and Berlin. Price 
5.40 KM. 


Reviewed by WILLEM RUDOLFS 
Chief, N. J 


Sewage Experiment Station, 
New ‘ 


Brunswick, N. J 


HIS little handbook of convenient 

format has become more and more 
a guide for engineers, interested and en- 
gaged in the construction of sewerage 
systems and sewage treatment plant de- 
sign, who do not require extensive de- 
tailed information. The engineer finds 
in the book an array of reference ma- 
terial needed for the solution of his 
problems. Complicated formula and 
time-consuming calculations have been 
avoided whenever possible. This new 
edition has been completely revised and 
considerably enlarged. The section 
dealing with self-purification of streams 
has been expanded and some more 
definite conclusions given. Calculations 
dealing with rainwater runoff have been 
placed on a more general basis. 

The book is divided into two parts, 
namely sewerage and sewage treatment. 
The first part deals with sewers, vol- 
umes of rain water and sewage, de- 
termination of cross sections, mains 
and laterals. The second section is de- 
voted to calculation of capacities for 
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different types of treatment as 

to some fundamental facts conc: 
treatment and disinfection. New 
ters have been added dealing 
chemical coagulation, sewage filt; 
temporary treatment devices, and 
dewatering by means of presses, 
uum filters and centrifuges. A 
siderable number of type exampl, 
calculations are given. The numl» 
references given in previous edit 
has been greatly reduced. 

The amount of information avai! 
in this compact pocket size book j 
markable. Only constant additions 
revision can produce such results, 
book warrants wide circulation 
like one of its predecessors, shoul! 
translated into the English languag 
do the most good in this country. 


British Water Supply 
Broadly Reviewed 


WATER SUPPLY IN GREAT BRITAIN 
By R. C. 8S. Walker. Cloth; 6x9 in 
244; halftones, linecuts and maps in « 
tables. Published by Ivor Nicholson & 
Watson, Ltd., London. Price 1.11.6 

OMMISSIONED to _—_suundert 

“Ret description of water supply 

Great britain that was “not too t 

nical,” the author of this volume su 

ceeded in preparing an easily read t 

that is highly informative and comp: 

hensive in scope. This is accomplish 
by confining discussion to broad prin 
ples and facts, the avoidance of lab 

ious details and non-essentials, and a 

happy facility for presenting the su! 

ject in a lively, narrative style. 

The book resolves into three genet 
sections comprising (1) basic data 
rainfall, geology and water quality, (2 
schemes of water supply with chapte: 
on impounding, underground and rive: 
resources, and (3) legislative practic 
and engineering facts concerning wate: 
supply. 

The second section of the book, and 
on which the author lays greatest stres 
is arranged as a summarized 
pendium of the water supply schem 
used by the principal cities and dis 
tricts in Great Britain. Excellent map 
showing underground water level i: 
various sections of the country are in 
cluded as supplementary material. Oi 
particular interest is a chapter on legis 
lation which traces the origin and 
growth of water undertakings, and th 
development of laws pertaining to thei: 
control. Present-day problems—the ex- 
tension of distribution systems in rural 
areas, and the conservation of water 
supply during periods of drought—are 
also discussed. 

Engineers and students who seek to 
obtain a comprehensive picture of Brit- 
ish water supply development will find 
Mr. Walker’s excellent treatise worth 
reading; it also has merit as a source 
book of factual data conveniently in- 
dexed. 
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Miscellaneous Notes on 
Booklets and Reprints 


<\",rrp POWERS OF THE FRAZER RIVER 


Ail 


‘ritish Columbia are described in a 


~amphiet published by the Provincial 
Department of Lands, Victoria, B. C. 


\ork RELIEF IN THE STATE oF NEw 
York: A review of its characteristics, 
‘ynctioning and value. Published by the 
Governor’s Commission on Unemploy- 
ment Relief, 79 Madison Ave., New 
York City. 


Ra FissurE Stupies being made at 
the University of Illinois are the sub- 
ject of “Second Progress Report of the 
Jo int Investigation of Fissures in Rail- 
| Rails,” Reprint No. 8, Engineer- 
ing rE xperimental Station, University of 
Illinois, Urbana, Ill. Price, 15¢. 


SurrFACcE WaTER Suppiies oF New 
Jersey is the title of special report No. 
5 published by the State Water Policy 
Connniaaian 28 West State St., Trenton, 
N. J. The report contains stream flow 
records throughout the state and repre- 
sents investigational work for the six 


year period ending Sept. 30, 1934. 


DATA FOR THE DESIGN of open web steel 
joists is provided in the 36 page pam- 
phlet, “Steel Joist Construction,” pub- 
lished by the Steel Joist Institute, 201 
North Wells St., Chicago, Ill. Included 
are specifications and a code of practice 
for construction of steel joist floors, safe 
load tables, and the properties of sections 
manufactured by members of the Insti- 
tute. 


RESEARCH IN COLLEGE AND COMMER- 
CIAL LABORATORIES is the subject of two 
recent publications: Miscellaneous Pub- 
lication M-125 of the National Bureau 
f Standards (price 15c., Superintendent 
of Documents), covering commercial 
testing and college research laborato- 
ries; and “Current Hydraulic Labora- 
tory Research, Bulletin IV-2,” also 
published by the National Bureau of 
standards in mimeographed form. 


o 


and 
San Francisco-Oakland 
Bridge is told in a profusely illus- 
rated 85-page booklet just published by 
the United States Steel Corp. Written 
by the engineers of the American Bridge 
Co., the story is told in a straight- 
forward technical manner that will ap- 
peal to the engineering reader. Price 
$1 from American Bridge Co., Frick 
Building, Pittsburgh, Pa. 


Tue Story OF THE FABRICATION 
erection of the S 
Bay 


Tastes or SAFE Loans for use in the 
Jesign of concrete joist floors are given 
in a 28 page booklet published, entitled 
“Concrete Joist Construction” by the 
Concrete Reinforcing Steel Institute, 


201 North Wells St., Chicago, Ill. The 
tables are given for both 20 in. and 
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30 in. wide forms in depths yanging 
from 6 in. to 14 in. From the tables, the 
depth of floor and the: number and size 
of reinforcing bars can readily be found 
for any desired loading. Specifications 
for concrete joist floors, for 3,000 Ib. 
concrete, for reinforcing steel, and for 
metal lath ceiling construction are also 
given, 


THE ECONOMY OF THE YAKIMA VALLEY 
has been studied as an example of the 
effect of federal reclamation projects by 
the Washington State Planning Council. 
The results of this study are embodied 
in a 118 page report entitled “Reclama- 
tion, A Sound National Policy.” The 
thesis of the report is that “the greater 
portion of this wealth [produced by 
irrigation] flows year after year to the 
centers of commerce and industry in 
the eastern United States.” 


Rates For ELectric SERVICE to com- 
mercial and industrial consumers; com- 
parative rates of publicly and privately 
owned electric utilities ; and rural electric 
service, monthly bills, rural line construc- 
tion, costs and practices; have been pub- 
oe as Rate Series No. 4, No. 5, and 

No. 5 of the Federal Power Commission 
as part of its electric rate survey. For 
sale by the Superintendent of Documents, 
Washington, D. C. Price, 50 cents, 15 
cents, and 25 cents, respectively. 


New Books and 
Revised Editions 


[Those desiring copies of the books 
listed below or mentioned elsewhere in 
this section should order them from the 
publishers or from their local book- 
sellers. ] 


WATER PURIFICATION CONTROL— 
Second Edition—By Edward 8S. Hopkins. 
Cloth; 5%x9 in.; pp. 184; photographs, 
linecuts, tables. ' Published »y the Wil- 
liams & Wilkins Co., Baltimore. Price 


$1.75. 


STUTZMAUERN GRUNDBAUTU: 
Band (Lieferung 4)—By 0. 
O. Colberg. Paper: 7x11 
photographs and linecuts. 
Wilhelm Ernst & Sohn, 
RM 4.95. 


Vierter 
Mund and 
in.; pp. 96; 
Published by 
Berlin, Price 


TASCHENBUCH DER STADT-ENTWAS- 


SERUNG—By K. Imhoff. Paper; 414x7 
in.; pp. 195; tables and diagrams. Pub- 
lished by R. Oldenbourg, Munich and 
Berlin, 


TEXAS ALMANAC AND 
TRIAL GUIDE 
Centennial Edition. 


STATE INDUS- 
SINCE 1857—Texas 
Paper; 6x in.; pp. 
512; photographs, diagrams, tables, maps. 
Published by the Dallas News, Dallas, 
Tex. Price 50¢; 65¢ postpaid. 


THE PORTS ON 
RIVER—Port 
pared by the 
and Harbors, 
6x9 in.; pp. 
tables, maps. 
of Documents, 
504. 


THE UPPER HUDSON 
Series No. 25—1936, Pre- 
Soard of Engineers for Rivers 
War Department. Paper; 
168; halftones, linecuts, 
For sale by Superintendent 
Washington, D. C. Price 


CONVENTION PROCEEDINGS, 
ROAD BUILDERS’ ASSOCIATION, 1935- 
1936—32nd and 33rd Annual Conventions. 
Edited by Charles M. Upham, Ethel A. 
Birchland and D. R. Lamson. Fabricoid; 
6x9 in.: pp. 992: halftones, linecuts, 
maps, tables. Published by the American 
Road Builders’ Association, Washington, 
D. C. Price $10.00. 


AMERICAN 


26, 1936 
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AMERICAN PLANNING 
NUAL—19236—Edited by 
Cloth; 6x9 in.; pp. 170; 
cuts, tables. Published by 
ee and Civic 
se 


AND CIVIC AN 
Harlean James 
halftones, line 
American Plan 
Association, Washington, 


PROCEDURE HANDBOOK 
ING DESIGN AND 
edition. Prepared by 
Co. Fabricoid; 54% x9 'n.; pp. 819; Half 
tones, linecuts, tables. Published by the 
Lincoln Electrie Co., Cleveland, Ohio. Price 
$1.50 in U. S.; $2.00 elsewhere. 


OF ARC WELD 
PRACTICE — 4th 
the Lincoln Electric 


THE UNIVERSAL FORMULA OF 
ELASTIC LINE OF THE BEAM—RBy 
Podolsky. Paper; 5x8 in.; pp. 152; 
cuts, tables Published in Russian by 
United Scientific and Technical 
House of the People’s 
Heavy Industry of the 
Russia. 


THE 
John 
line- 
the 
Publishing 
Commissariat of 
USSR, Moscow, 


SAMMLUNG GOSCHEN HALLENBAUTEN 


By Carl Kersten. Cloth; 4x6 in.; pp. 
126; halftones, linecuts. Published by 
Walter de Gruyter & Co., Berlin) and 


Leipzig. 


BEITRAG ZUR BERECHNUNG VON MAST 


FUNDAMENTEN—By H. Frolich. Paper 
7x9% in.; pp. 81; halftones, linecuts, 
tables. Published by Wilhelm Ernst & 
Sohn, Berlin. Price 7.50 RM, 


DER REBHANNSC HES sATZ—By Otto Mund. 
Paper; pp. 34 x9% in.; linecuts, 
tables. Published by Wilhelm Ernst & 
Sohn, Berlin. Price 2.25 RM. 


WIND - PRESSURE DISTRIBUTION ON 
SHARP-EDGED BODIES (A _ continuation 
of the Nokkentved experiments, with refer- 
ence to the influence of the thickness of the 
boundary layer on the wind pressure at cer- 


tain points—By Harold MacT. Sylvester. 
Paper; 7x10 in.; pp. 16; halftones, line 
cuts. Published in Copenhagen, Denmark. 


ROAD CURVES 
FIC—By F. G. 
5x7 in.; pp. 
lished by E. & 
Price 8/6 net. 
E. 46th St., 
$3.50). 


FOR SAFE MODERN TRAF- 
Royal-Dawson.  Fabricoid ; 
246; linecuts, tables. Pub 
F. N. Spon, Ltd., London 
Engineers Book Shop, 168 
New York. (Price about 


CREDIT MANUAL OF COMMERCIAL LAWS 
- er eee by the National Associa 
tion of Credit Men. Cloth; 5% x9 in.; 
pp. 572; tables. Published by the Associa- 
tion. Price $5.00, 

STAHL BAU- 


KALENDER 1937—Cloth; 4% 


x6% in.; pp, 495; halftones, linecuts, 
tables. Published by Wilhelm’ Ernst & 
Sohn, Berlin. Price RM 3. 


ANALYSIS OF WATER 
Frank R. Theroux, 
W. EeRoy 


AND SEWAGE—By 
Edward F. Eldridge and 
Mallman. Cloth; 5%.x8 in.; 


pp. 228; tables. Published by McGraw- 
Hill Book Co., New York, N. Y. Price 
$2.50. 


PROCEEDINGS OF THE 
LOW COST 


CONFERENCE ON 
HOUSING—Held at Pennsyl- 


vania State College April 16 and 17, 1936 
School of Engineering Technical Bulletin 
No. 23. Paper; 6x9 in.; pp. 103; line 


cuts, tables. Published by the Pennsylvania 
State College, State College, Pa. Price 50¢. 


TRANSPORTATION LINES OF THE MIS 
SISSIPPI RIVER SYSTEM - - Transporta- 
tion Series No. 4, 1936. Paper; 6 x 9 in.; 
yp. 124; halftones, tables, maps. Prepared 
a the Board of Engineers for Rivers and 
Harbors, War Department. For sale by 
Superintendent of Documents, Washington, 


D. C. Price 25¢. 

THE DREDGE: “CHIEN SHB” (1936)— 
General Series No. 15. Paper; 9x11% 
in.; pp. of text 23; numerous halftones, 
linecuts, maps, tables, Published by the 
Whangpoo Conservancy Board, Shanghai, 
China. Price $4.00. 


ANNUAL REPORT (TECHNICAL) OF THE 
WORK OF THE CENTRAL BOARD OF 
IRRIGATION, INDIA, 1934-35 — Central 
Board of Irrigation, Publication No. 11. 
Board; 8x 13 in.; pp. 106; linecuts, tables. 
Published by Central Board of Irrigation, 
Simla, India. 


THE STEEL PHYSICAL PROPERTIES 
ATLAS — By Charles Newman Dawe 
Cloth; 8% x11 in.; pp. 87; tables, color 
charts. Published by the American So 
clety for Metals, Cleveland Ohio. $2.50 
Through an error in printing a notice of 
this book in our issue of Oct. 29, the price 
was incorrectly atated. 
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End the Dispute 


SE OF SALT to remove ice on concrete pave- 

ments is arousing the concern of a number of state 

highway departments. Frequent damage from 
scaling is being discovered, particularly at intersections, 
at underpasses and on sections of roads through city 
streets. The use of salt to mitigate the special hazards of 
ice in these locations is common, and often it is not too 
well regulated. Unfortunately for definite conclusions, 
scaling of pavement concrete has too many possible 
causes to permit of certain proof that salt is the responsi- 
ble evildoer, and those who find it a convenient aid are 
refusing to admit that their ice-removal practices are at 
fault. Opinion on both sides lack definite evidence. But 
the fact remains that scaling is common where salt is 
used and that it has reached proportions large enough 
to call for active investigation of cause and prevention. 
andying accusations will not meet the situation ; the time 
has come for research to determine the facts. 


Toward Reform 


\ Great Forwarp Step in public-works activities might 
he realized if the resolution adopted by the Conference 
of Mayors last week could be carried into effect. The 
resolution urged a survey of municipal financing prac- 
tices by impartial national authorities. As everyone 
knows, municipal finance has many strange aspects, and 
a thorough survey cannot fail to reveal numerous factors 
that hamper the prosecution of the betterment works for 
which the citizen pays or is ready to pay. Among them 
will be found bad programming, loose financial house- 
keeping, reckless practice in allowing bonds to outlive 
by many years the works against which they were issued, 
diversion of service revenues and the resulting distor- 
tion of rate structures and deterioration of essential com- 
munity service facilities. Another group of factors will 
probably include unethical practices of bond houses in 
urging cities to borrow more than they need, as well as 
excessive interest rates. Such evils have been common 
enough to make it certain that reform will follow full 
publicity on financing practices. Reform in turn would 
open the way to rational works planning and program- 
ming. 


An Example of Works Planning 


ANALYsIs OF CoMMUNITY NEEDs as a basis for works 
planning is rare, but any city that undertakes it is likely 
to find a long-term campaign of improvement construc- 
tion necessary. Such an analysis in Milwaukee has re- 
sulted in the recommendation that an $18,000,000 pro- 
gram of public works be carried out within the next 
seven years. A still more unusual fact of Milwaukee’s 
case is that the program will require no increase in taxes, 
as its cost can be met by retaining the present tax rate 
as debt retirement payments decrease. The program in- 
cludes sewers, street construction, modernization of draw- 
bridges, public buildings, grade separations, and play- 
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grounds—items selected from returns from divi. 
heads, who submitted projects totaling $55,000,000), 4 
Milwaukee example indicates clearly that looking 
has its compensations ; many other cities could pri :jt,| 
follow the same course of making a dollars-a: 
appraisal of future needs and laying down a defin':e ; 
provement schedule. Whether Milwaukee with its | 
volume of needed works might not find it good by<jn¢. 
to enlarge the $18,000,000 program by some adiitic, 
to its outstanding bonds is doubtless well wort! 
sideration at the present low level of bond interest rat.. 
But such a question of credit management is a loca! ; 
ter; the example of advance planning and progra: 

of works is applicable to every city. 


ent 


When Not to Hurry 


ONE OF THE MINor Pornts that the structural engineer 
will note with special interest in the excellent story o; 
the East Bay bridging work that appears this w 
the care taken to revise the dead-load calculations | 
the final design of the long spans was sent to the 
It is not hard to remember past cases of difficulty ¢; 
danger that resulted from lack of care in revising tly 
dead-load estimates in long-span bridge work, no; 
through gross incompetence or error in the original de- 
sign work but as a result of the inevitable changes dur- 
ing the slow progress of detail designing. It is obvious) 
vital that time be taken to recalculate dead weights afte: 
the detail designs are complete, and from these revis 
weights to recompute the design and modify the sizes o; 
members where required by these results. Unfortunately, 
however, most bridge work is under greatest pressure 
for hurry just at the time the first detail drawings hay: 
been completed ; the builder wants to order and fabricate 
his materials, the erector wants to proceed with planning 
his equipment and operations in the field, and the owner 
insists on getting work under way at once, in the not 
unnatural belief that a finished shop drawing means a 
finished and adequate design. The risk of hurrying at 
the wrong time is now more widely appreciated, and the 
fact that large undertakings such as the Bay Bridge give 
it careful recognition is one of the incidental but impor- 
tant evidences of bridge engineering advance. 


N Js 


Professional Discipline 


TWENTY-NINE ENGINEERS have had their certificates re- 
voked by the California board of registration for civil 
engineers in the six years since the board was estab- 
lished. The number exceeds the total of revocations by 
all the other state licensing boards put together, a fact 
that speaks volumes for the energy and courage of the 
California board. Further evidence of courage appears 
in the fact that California follows the unusual practice 
of making public its findings so that all may know of the 
justification for such drastic action as license revocation. 
This publicity is certain to exert a helpful influence. It 
reduces the likelihood that licenses will be revoked for 
minor causes, and on the other hand it will estop the 
man whose license has been revoked from charging that 
he has been made a victim of personal spite—as has oc- 
curred when technical societies have expelled members 
without other statement of reason than the vague “for 
cause.” Of course a state license board has an advantag« 
over a voluntary society in respect to legal immunity. 
since it is a public agency clothed with definite power 
Yet the practice of the medical profession indicates that 


oe 


Me R a CREA 9 


even a % 
nary acu 
from pre 
to maint 
Calif: I ni 
ing pror 


hold the 


O 
Ww 
0! 
long bee 
and in t 
many y¢ 
still are 
makes 1 
man to | 
In for 
in the le 
it may 
occupati 
requirin 
tion job 
subject | 
The t 
as man 
drawn ¢ 
pany W 
dence. 
but on 
atmospl 
surroun 
industri 
stonew¢ 
tions, t 
protecti 
Tox 
has ob 
silicosis 
contrac 
is pub 
broad |] 
tection 
the kn¢ 
the pre 
tion. | 
tion m 
more i 
to prot 
hazard 
to foll« 
contril 
contro 
Tt is 
laws d 
nently 
ignore 
it nec 
stincts 
fight | 
they h 
Inte 
the o¢ 
is nov 


PaO Heat wy 





ENGINEERING News-Recorp, NovEMBER 26, 


4 voluntary organization can take strong discipli- 


ps ction in a public way so long as the action is free 
from prejudice. Professional discipline is so essential 
to! | tou of adequate ethical standards that the 
California board is entitled to the thanks of the engineer- 


Its vigorous action will do much to up- 
standards. 


rofession. 
e > 
hold the profession's 





Facts on Silicosis 
ONSTRUCTION today finds itself concerned 


with a mystery of medical science. Silicosis, one 

of many obscure dust diseases in industry, has 
long been known as a rare plague of workers in rock, 
and in the Rand mining region it has been studied for 
many years; yet its hazards: and control in construction 
still are largely unexplored. Recent legislation, however, 
ee it the necessary business of every construction 
man : to know about silicosis and to deal with it. 

' four different states silicosis is specifically defined 
in the law as a compensable disease, and in many others 
it may find tacit inclusion under the general term of 
occupational diseases. One state has a mandatory law 
requiring preventive control measures. Thus, construc- 
tio n jobs over a large area of the country are potentially 
subject to silicosis damage claims. 

“The truth is that silicosis is far from being as serious 
as many believe. A highly distorted picture has been 
drawn of it, by the effect of maudlin sentiment in com- 
pany with ignorant talebearing and manufactured evi- 
dence. The silicosis hazard must not be taken lightly, 
but on the other hand it needs to be divested of the 
atmosphere of sensationalism with which it has been 
urrounded. Unfortunately the men of the construction 
industries, much more than those engaged in mining and 
stoneworking, are largely ignorant of its true propor- 
tions, the nature of the hazard, and available means of 
protection, 

To meet this condition ENGINEERING News-REcorD 
has obtained the statements of leading authorities on 
silicosis as it affects the construction engineer and the 
contractor. Grouped in three articles, of which the first 
is published this week, these statements discuss the 
broad health aspects of silicosis, including causation, de- 
tection of harmful dusts, and pathological effects; next 
the known practical methods of dust control; and finally 
the present status and trend of legislation and compensa- 
tion. It is hoped that through these articles construc- 
tion men will be equipped to deal with silicosis problems 
more intelligently and be enabled to take effective action 
to protect their workers and their operations against its 
hazard. They should also be placed in a better position 
to follow the progress of further study of the disease, and 
contribute their experience toward its final complete 
control, 

It is quite unnecessary to emphasize that the existing 
laws designed to protect rock workers from being perma- 
nently disabled by silica-dust poisoning cannot safely be 
ignored by anyone connected with construction. Nor is 
it necessary to say that the good sense and human in- 
stincts of engineers and coritractors will lead them to 
fight silicosis dangers in any part of their work, once 
they have become thoroughly familiar with these dangers. 

Intensive field study of minimum safeguards against 
the occurrence of silicosis hazards in rock construction 
is now in progress by the New York State industrial 
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department. Such study is badly needed, in view of the 
many unsolved problems connected with silicosis. Scien- 
tific and technical study must continue for a long time 
if we are to attain full protection. The mysterious 
disease will therefore continue to be of concern to the 
construction industry, and contractors and engineers 
who heretofore have ignored it are bound to give it close 
attention in future. If the articles whose publication is 
begun in this issue prove helpful in informing them 
about the practical aspects of silicosis in construction, 
the purpose of the authors and editors will be fulfilled. 





Place for Conservatism 


N DEALING WITH FLOODS oy engineer is in 

a peculiarly difficult position. He has to consider 

the demands of nature on the one hand and those 

of public psychology on the other, and very often the 

two conflict. Nature’s demands are imperative, but only 

too often the requirements that the public seeks to im- 

pose appear much more urgent. If anywhere, then, a 

high degree of conservatism is in place in this field of 
work, 

The engineer is required to provide for undetermined 
chances of future happenings that involve the possi- 
bility of disaster. His work depends on prediction—for 
the results of even the most extensive river observation 
are merely a basis for forecasting, and forecasting after 
all its prophecy. Flood-protective design is there- 
fore a matter of providing for probabilities (or even 
possibilities) with a margin of safety that is sure to be 
adequate and yet will not go beyond the limits of reason- 
able economy. Matters are made still more difficult by 
the fact that increase of safety margin usually runs the 
cost up at increasingly rapid rate. 

In contrast with these demands of nature, public 
psychology wants flood protection but usually is un- 
willing to face the large bill that thoroughgoing protec- 
tion involves. It is apt to believe that 60 or 80 per cent 
of full flood protection is nearly as good as 100 per 
cent—wholly overlooking the disastrous possibilities of 
surplus flood volume overtopping its dams or levees and 
sending destructive torrents over the community. It is 
the engineer’s prime duty to impress upon the public 
the fatal danger of this attitude. 

Various other complications also enter the problem. 
The values at risk must be considered; when very large 
values are to be protected, a large safety margin is in 
order, while small values do not warrant equally ample 
protection. And after all the matter remains one of 
probabilities, since no one can say with absolute assur- 
ance what the ultimate flood limit may be. A rare sure- 
ness of judgment is therefore necessary in proportioning 
degree of safety to degree of risk—a consideration that 
applies with most compelling force to the spillway pro- 
visions of earth dams. 

To repeat, conservatism must be the engineer’s watch- 
word in flood matters. His work is to protect against 
floods, not to serve popular fancies. He must not merely 
guide his own actions by conservative reasoning, but he 
must succeed also in converting the popular mind to a 
truly constructive attitude. In these days of widespread 
flood-control activity especially, it is important to bear in 
mind the supreme position of conservatism in the flood 


field. 
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URRENT NEWS 





Associated General Contractors 
Hold Fall Meeting 


Problems of future public works, labor relations, skilled labor shortage and subcon- 
tractor relations were reviewed 


With some fifty members in attendance 
the governing and advisory board of the 
Associated General Contractors met at 
Washington, D, C. on Nov. 16 and 17 to 
consider present conditions of the industry 
and problems calling for association ac- 
tion. Probable future funds for public 
works, subcontractor relationship, social 
security, labor relations and _ legislation 
particularly in connection with possible 
enactment of a law reestablishing the re- 
quirements of the old NRA regulations of 
business were discussed. Action was 
taken renominating the present officers 
W. A. Klinger, president, and E. P. Pal- 
mer, vice-president at large to serve dur- 
ing 1937. It was voted to hold the annual 
meeting at San Antonio, Tex., in Febru- 
ary at a date to be named by the board 
of directors. 


Skilled labor shortage 


Reviewing the present year’s work E. J. 
Harding, managing director, called atten- 
tion to the growing activity in construc- 
tion and stated that with present resump- 
tion amounting only to a fraction of pre- 
depression volumes a shortage of skilled 
labor was confronting contractors. Some 
of this was due to the retention of such 
labor in WPA activities but in actuality 
there was a true shortage due to cessation 
of training during depression, old age, 
death and change of occupation. Definite 
action to restore apprenticeship and to 
support trade schools and agencies for 
vocational training was urged by Mr. 
Harding. 

In the general round-table discussion 
testimony was universal that a sufficiency 
of skilled workmen was lacking but in the 
face of denial by federal agencies it was 
necessary to present positive factual evi- 
dence. Action was taken to see what facts 
could be secured. It was freely charged 
that two conditions which militated against 
enlistment of young men in the skilled 
trades were opposition by organized labor 
and no definition and classification of skill 
by the federal department of labor. If 
no distinction in wages was made between 
hatchet and saw men and cabinet makers 
and all were classified as carpenters there 
could be little inducement for boys to 
spend time in learning to be skilled. 


Labor relations 


Question was raised whether the na- 
tional association should continue its poli- 
cy of countenancing no working agree- 
ments with organized labor. It was pointed 
out that starting with the original Davis- 
Bacon act requiring the payment of pre- 
vailing wages on federal building work, 
labor conditions in the construction in- 
dustry have changed rapidly. Under the 
administration of this act experience has 


demonstrated that the union scale of wages 
has been determined to be prevailing in 
most instances. The original law has 
since been amended to include all construc- 
tion to which the federal government is 
a party. The principle of payment of the 
prevailing wages has since been extended 
to include all PWA _ work and also all 
federal-aid highway work. A great num- 
ber of states and lesser subdivisions of 
government have followed federal practice 
until at this time practically all contracts 
for public works require the payment of 
wages that are equal to any union wages 
as a minimum. As a result local con- 
tractors’ organizations are meeting more 
and more insistence by organized labor 
for collective bargaining and already 
numerous chapters of the AGC have as 
AGC-organizations entered into labor 
agreements, 

On the basis of the facts the round-table 
opinion was that action be taken to bring 
full information before the association in 
annual convention. It was the general 
opinion that while the national body should 
in no way indicate whether or not chapters 


(Continued on page 766) 
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PWA Allots $13,000,000 


The Public Works Administration 
on Nov. 23 approved 272 projects involv- 
ing grants of $12,015,000 and loans of 
$1,541,000 for projects having a total cost 
of $25,336,000. 

The largest allotments include a grant 
of $2,351,000 to the city of Chicago for 
repair and construction of 20 school build- 
ings costing $5,225,000; a grant of $2,- 
523,000 to Cook County for 46 paving jobs 
costing $5,607,000. 

The bulk of the projects are relatively 
small and if the usual type, such as 
schools, water and sewer extensions, and 
paving. 


—— 


Boring Bids Asked for 
Battery Tunnel 


On Dec. 1 the New York City Tunnel 
Authority will advertise for bids on the 
taking of borings under the East River 
between the Battery, Governor’s Island, 
and Hamilton Ave. Brooklyn, N. Y. 
These borings are intended to permit 
completion of plans for the proposed Bate 
tery-Hamilton Ave. vehicle tunnel. Prep- 
aration of plans has been under way for 
the past six months. 

Under the proposed plans for the tunnel, 
the route will extend from the Battery, 
under the river to the northerly point of 
Governor’s Island, and thence to the foot 
of Hamilton Avenue in Brooklyn. The 
new Manhattan approach would be at West 


St. and Battery Place, and the n 
hattan exit in the vicinity of Wa 
and Morris Streets. In Brook 
entrance and exits would be in the 
of Hamilton Ave. and Hicks St 
plans have been so drawn that no 
nent construction for the tunnel 
need to remain on the surface 
3attery Park. 

The route passing under the tip of 
Governor’s Island was adopted bx i 
would permit the erection of an inter. 
mediate ventilation building on Gov r’ 
Island. The intermediate point of ventila- 
tion would enable a considerable y 
in the yearly operating cost of the tunnel, 
and the additional ventilation shaft would 
provide the contractor with an intermediate 
point of construction. 


—ho— 


Talbot Receives Fritz Medal 


The 1937 John Fritz gold medal for 
scientific or industrial achievements has 
been awarded to Arthur M. Talbot, pro- 
fessor emeritus of civil engineering at 
the University of Illinois. The award is 
made annually by a board composed of 
sixteen past presidents of the four na- 
tional engineering societies. The award 
was made in recognition of Professor 
Talbot’s career as “molder of men, eminent 
consultant on engineering projects, leader 
of research and outstanding educator in 
civil engineering.” 

Professor Talbot was born in 1857. In 
1881 he was graduated from the Univer- 
sity of Illinois with the degree of bachelor 
of science and civil engineering and was 
awarded the professional degree of civ! 
engineer in 1885. For four years after his 
graduation he worked on railroad loca- 
tion, construction and maintenance for the 
Denver & Rio Grande Railroad and the 
Atchison, Topeka and Santa Fe Rail- 
road. In 1885 Mr. Talbot was appointed 
assistant professor of engineering and 
mathematics in the University of Illinois, 
and, in 1890, professor of municipal and 
Sanitary engineering and put in charge of 
theoretical and applied mechanics, a po- 
sition he held until his retirement in 1926 
as professor emeritus, 

Throughout his career, Professor Tal- 
bot has been interested in engineering 
research, He aided in the formation of 
the engineering experiment station at the 
University of Illinois and through twenty 
years has contributed to its methods and 
standards. By his own work and by that 
of his students he has contributed ma- 
terially to the progress of research on 
reinforced concrete. Since 1914 he has 
been in charge of the research work of 
the Joint Committee on Stresses in Rail- 
road Tracks of the American Society of 
Civil Engineers and the American Rail- 
way Engineering Association. 

The University of Pennsylvania con- 
ferred on him the honorary degree of 
doctor of science in 1915 and the Univer- 
sity of Michigan that of doctor of en- 
gineering in 1916. In 1924 he received the 
Washington award of the Western So- 
ciety of Engineers. He is a past president 
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Jordan Honored at Indianapolis 


ers of the Indiana Section of the 
1 Water Works Association held 
| dinner meeting on the evening 
~ Nov. 17 in honor of Harry E. Jordan, 
‘emer section president, who is to as- 
um e the office of executive secretary of 
the \merican Water Works Association 
on Dec. 1, About 40 persons attended 
‘rom all parts of the state. — 

In recognition of his services, Mr. Jor- 
dan was presented with a set of Dun- 
hill pipes. Talks were given by_D. A. 
Poole, president of the Indiana Section; 


Vf 


ef 


roole, 
4. F. Morse, manager of the Indianapo- 
fis Water Co.; and C. K. Talvert, past 
nresident of the section. 

" It was decided to hold the spring meet- 
ing of the Indiana section in Indianapolis. 
The date has not yet been decided upon. 


~ fe 


Long Island Parkway Link 
Opened to Bethpage Park 


Parkway access to another Lonk Island 
recreation area was provided on Nov. 14, 
with the opening of the Bethpage Park- 
vay connecting the Southern State Park- 
way at Massapequa with Bethpage Park. 
In contrast with the bathing and boating 
facilities of Jones Beach Park on the 
cean, Bethpage offers golf, riding and 
hiking in a 1,000-acre hilly area near the 
enter of the island. 

The new parkway, 3 miles long, is pro- 
vided with two lanes of pavement and ‘is 
graded and landscaped to permit the addi- 
tion of another lane on each side. Five 
grade separation structures, one of which 
accommodates the Long Island Railroad, 
pass over the new parkway. In his re- 
marks at the opening exercises, Robert 
Roses, president of the Long Island State 
Park Commission, also announced the 
cquisition of new right-of-way, provided 
by Nassau County, for another parkway 
across the island connecting Northern 
State Parkway with the Wantagh cause- 
way to Jones Beach. Funds for construc- 

n will be sought at the next session of 
the legislature, so that the new route will 
be available to world visitors in 1939. 

The Long Island State Park Commission 
expects to start construction on the exten- 

n of the Northern State Parkway early 
in 1937 if funds are made available by the 
Legislature. The Northern State Parkway 
will be extended from its present terminus 
at the Jericho Turnpike through the village 
f Westbury as far as the Wantagh State 
Parkway extension. Plans call for two 
24-ft. roadways separated by a 9-ft. mall 
with grade eliminations at all principal in- 
tersections. Preparation of bridge plans 
are well under way, and the project will be 
advertised as soon as the necessary appro- 
priations have been made available. 


ae 


Opens New York Office 


The opening of a New York office has 
been announced by G. B. Gascoigne and 
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Associates, consulting sanitary engineers of 
Cleveland. The new office, under the man- 
agement of Charles A. Emerson, Jr., will 
be located in the Woolworth Building. 

The Gascoigne organization has been es- 
tablished about 15 years, during which time 
it has served about 150 municipalities in 
matters pertaining to water supply, sewage 
and garbage disposal, and valuation and 
rate investigation. Mr. Gascoigne, previous 
to his work as a consultant, was in the 
employ of the city of Cleveland on the de- 
velopment of its sewerage and sewage treat- 
ment program. His associates include W. 
L. Havens, H. H. Burger, F. C. Tolles, 
and F. W. Jones. 

Mr. Emerson, who will be in charge of 
the eastern office, has been associated for 
the past 14 years with Fuller & McClintock, 
consulting engineers of New York City. 
Before this he was chief engineer of the 
Pennsylvania State department of health 
for ten years. 


Indiana Highway Commission 
Prepares for Winter 


Purchase of 194 snow plows and 61 
graders by the Indiana State Highway 
Commission to supplement present snow 
fighting equipment brings the snow fight- 
ing equipment of the maintenance divi- 
sion of the highway commission to about 
520 snow plows and 366 graders. 

In addition to the purchase of the 
snow plows and graders, the highway 
commission is taking bids for furnishing 
40,000 ft. of snow fence which will be 
used along state highways in the LaPorte 
and Crawfordsville districts. About 
100,000 tons of sand and cinders, 500 tons 
of calcium chloride, and 300 tons of salt 
is being stocked by the state highway 
maintenance forces for winter use. 


Hume Reservoir in Australia 


Completed 


On Nov. 20 water was released through 
the outlet valves of Hume Reservoir on 
the Murray River in Australia, marking 
completion of a dam and reservoir project 
which will store 2,000,000 acre-ft. of water 
and create a 60-sq.mi. lake. 

Hume dam is the largest unit of an ex- 
tensive program for conservation, irrigation, 
and navigation improvements on the Mur- 
ray River which has been under way since 
1919. The entire program involves the 
construction of about 35 locks and weirs to 
control the water. 

Htme dam is an earth-fill type with a 
reinforced concrete core. It is 5,200 ft. long 
and has a maximum height of 138 ft. The 
upstream slope of the dam is paved with 
concrete blocks laid on 6 in. of gravel, and 
the downstream side is faced with gravel 
about 4 in. deep. The spillway is designed 
for a maximum flow of 8,000 sec. ft. There 
are seven outlets, three of which will be 
used for a hydro-electric plant generating 
40,000 kw. The outlets are controlled by 
stoney sluice gates and 7-ft. 6-in. needle 
valves. All outlets discharge into a con- 
crete stilling pool with a depth of 22 ft. 

The dam was built at a cost of $27,500,- 
000. The entire Murray River project 
will cost about $75,000,000, of which about 
$52,000,000 has already been spent. 


1936 


All-American Canal 
Gets Allotment 


PWA allots three million for first power 
generating unit and distributing 
system on the All-American Canal 


The All-American Canal, which was 
authorized by the Boulder Canyon 
Project Act, is 80 miles long. It 
the Colorado River 15 miles north of 
Yuma, Arizona. and flows westward 
along the Mexican border to the Imperial 
Valley in California, which is below sea 


taps 


level. There are four potential power 
sites, all of which will eventually be 
developed by the district. This power 
development is incidental to the irriga- 


tion of about 1,000,000 acres of land. In 
the future development 170,000 acres will 
require the pumping of irrigation water, 
which will be done using power generated 
by the canal. The All-American Canal 
has an average capacity of 10,000 cuit. 
per sec, 

The District has 


“lectrifica- 


Imperial Irrigation 

also secured from the Rural 
tion Administration an _ allotment = of 
$700,000 for the construction of distri- 
bution lines, but this money will not be 
available until the project is approved 
by popular vote and certain legal difficul- 
ties are cleared up. The Imperial Valley 
is now served by the Southern Sierra 
Power Co. from generating plants 
located elsewhere, over long transmission 


lines. According to the Irrigation Dis- 

trict, this has resulted in high power 

cost and inadequate distributing systems. 
wil 


Subway Contracts Let 


Contracts for the construction of the 
fourth section of the New York City 
Sixth Ave. Subway was awarded by the 
New York City Board of Transportation 
to the George H. Flinn Corporation, the 
low bidder. The Flinn bid was $4,616,000. 

The fourth section is from 47th St. to 
53d St. where the line will connect with 
the present Queens extension, which runs 
from the 8th Ave. line under 53d St. to 
Queens. Construction on the first three 
sections, covering the distance from 27th 
to 47th Sts. is already underway. On 
Dec. 11 the board of transportation will 
open bids for the fifth section extending 
southward from 27th to 18th Sts. The 
line will join the 8th Ave. line at West 
4th St. 


—ho— 


Paving Brick Association 
Sets Meeting Date 


The National Paving Brick Association 
will hold its 3lst annual meeting in De- 
troit on Jan. 27-29, 1937, at the Book- 
Cadillac Hotel. Most of the sessions will 
be open to the general public. 

Recent developments in paving brick pro- 
duction and utilization, including descrip- 
tions of modern brick street and highway 
paving and resurfacing projects, will be 
covered in papers by prominent engineers 
and contractors. The research bureau 
maintained by the National Paving Brick 
Association at the Ohio State University 
experiment station will present a resume 
of its work, including reports on recent re- 
searches on fillers, bed courses, and meth- 
ods of laying brick, 
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Acrial Explorationg Photo 


NEW OAKLAND EXPRESS HIGHWAY IN ST. LOUIS 


Opened to traffic for its full 3-mile 
length this fall, the Oakland express 
highway in St. Louis, leading from the 
city limits toward the business section, is 
the first of its type to be built in the 
Middle West. All traffic and pedestrian 
crossings are carried over the 5-lane 
roadway on bridges, of which there are 
thirteen. The main traffic bridges are 
steel rigid frames. 

A mile to the right of the grade separa- 
tion in the foreground is the city limit, 


where the highway connects with U. S. 
route 40. The last mile, beyond the 
left extremity of the view, is de- 
pressed in a new right-of-way through 
former slum property. Most of the over- 
head bridges are in this mile length. The 
express highway now ends in Vande- 
venter Avenue and in Chocteau Avenue. 
The Oakland express highway was built 
by the Missouri State Highway Depart- 
ment and was described in ENR, Dec. 19, 
1935, p. 846. 


LL 


Associated General Contractors 
(Continued from page 764) 


should enter into labor agreements but 
leave this for local decision, it should adopt 
a policy sufficiently flexible to permit it to 
advise chapters of practices, to develop 
uniform action, to guard against agree- 
ments that interfere with manageral con- 
trol and to have agreements properly 
limited as to territory and type of work. 

Testimony has been increasing that the 
relations between general contractors and 
subcontractors were reaching a condition 
which calls for readjustment. A _ report 
from the association staff and discussion 
from the floor indicated definite action by 
certain subcontracting trades to perpetuate 
former code practices with the backing 
of organized labor and to organize protec- 
tion against bid shopping by bid deposi- 
tories or separate contracts. Bid deposi- 
tories as practiced are taking two forms: 
(1) founded as a joint compact or code 
of fair competition to which the general 
contractor is a party and (2) operated en- 
tirely independently of the general con- 
tractor and depending for its enforce- 
ment upon an understanding with labor. 
Under the second procedure the evidence 
indicates that there is a two-fold purpose 
(1) the control of bids and (2) the 
forcing of the general contractor to sublet 
an increasing proportion of his work. 

In the discussion, which brought out 
charges of collusion and law infraction, 
it appeared that (1) general and subcon- 
tractor relationship varied from close co- 
operation to open antagonism (2) in many 
sections certain trades supported by labor 
were in a position to dictate that the 
general contractor must sublet all work 
of that trade and (3) pressure for statu- 





tory requirement of separate contracts is 
undiminished. Determination on action 
was only to carry the question to the 
association in annual convention. 


Prospective legislation 


In reporting the committee on legisla- 
tion laid on the table for discussion the 
fact that most of bills of the last Congress 
that vitally affected construction were 
slated for consideration in the coming 
Congress, that legislatiin establishing for- 
mer NRA control of industry was prob- 
able and that meanwhile contractors had 
before them the task of adjusting their 
business to carry out the terms of the 
present Social Security Act. It developed 
in the discussion of the last subject that 
pending court action on constitutionality 
indicated the desirability of making pay- 
ment under protest. In conclusion it was 
ordered that legal opinion be secured on 
possibilities of recovering payments in 
case the act was adjudged unconstitutional. 

Discussion waxed sharp on a possible 
law restoring regulation of industry. 
Objection to any restoration of NRA regu- 
lation was positive, unanimous and cynical. 
The question of representation at the 
coming conference of the coordinator 
for industrial cooperation swung between 
opposition to any part in the conference 
and active participation. A vote decided 
that representatives “without portfolio” 
should attend. This decision rested on 
the basis that legislation was inevitable 
and the wiser action was to take part and 
act as moderator as far as possible. 

Reports were presented on insurance, 
safety, gasoline tax diversion, creating new 
construction and association activities and 
were accepted without action. The report 
on future public works will be oublished 
in Engineering News-Record of Dec. 2. 
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Amendment Unlikely 
for Walsh-Healey Act 


Washington Correspondenc 
FFICIALS charged with the 


istration of the Walsh-Hea! 
have no desire to see it amended 

next session of Congress. They 

like to have more experience Ww!) +), 
act before recommending change |, 
this they will be supported by the | >ade-; 
in each House, most of whom a: 
servative Southerners, 

The only development that migh: for. 
substantial amendment would be ¢) > ro. 
fusal of manufacturers to bid or : 
restricted exclusively to dealers. 

There is no real opposition amo: 
ernment purchasing agents to sp! 
which drop below the $10,000 ex: 
limit. The Procurement Division 
Treasury rejected several sets of b 
trucks when submitted in units o/ } 
than $10,000, but when no bids wer. 
on any other basis, split bids were a 

No real test of the act can bi 
however, until prevailing wages hav: 
determined. This is being undertal 
industry. That many difficulties hav: 
encountered is indicated by the fact 
ho finding has been returned on 
first study undertaken, that of the 
clothing industry. Orders for w 
cloth have continued to go to a mai 
turer who was mentioned in the h 
as the type it is desired to elim 
There could be no real showdow: 
that case, however, until prevailing \ 
are determined. Even then it is d 
ed that much change will take 
Under the wording of the law, only 
minimum wage prevailing in the 
cular industry can be fixed. 

Some difficulty is being experienced 
securing representatives of labor 
busines for an advisory panel on mini: 
wage determination. Various trade 
sociations have been invited to su; 
names. Nominations undoubtedly will 1 
submitted, since Washington represen: 
tives of trade associations are opposed t 
any action that would give grounds f 
the charge that industry is opposing en- 
forcement of the law. Organized labor 
is already asking for a punitive measur: 
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Excavation Tunnel Completed 
At Fort Peck Dam 


Excavation of the four diversion tunnel: 
at Fort Peck dam was completed on Noy 
18 when the enlargement of Tunnel No. 4 
holed out at the inlet portal. Col. T. B 
Larkin, U. S. District Engineer, placed the 
final bolt in the last ring section of ground 
support at 10 am., marking the end of 
23,828 lin. ft. of 30 and 32-ft. tunneling 
through treacherous Bearpaw shale. 

The first heading was turned Aug. 16 
1934, with start of pilot bore tunneling, 
which was completed in all four tunnels 
before enlargement to full size commenced 
Tunnel excavation, exclusive of shafts a 
open-cut work at the portals, amounted t 
915,280 cu. yd. More than 29,000 tons of 
structural and reinforcing steel has already 
been placed in the tunnels, and more wi! 
follow as the concrete lining is complet: 
Placing of the concrete lining will be com- 
pleted shortly, and installation of the ste: 
penstock in the lower part of Tunnel No. | 
is well under way. 
lining for the four large control shafts is 
nearing completion. 


Steel and concrete 
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An analysis of dredging operations re- 
5 t an average of 95 cu. yd. of fill 


yeals that n e 
was placed in the dam every minute of the 
; S 4-day 1936 dredging season, aggregating 


D pore than 28,000,000 cu. yd. Dredging 
Sorted this year on Apr. 15, and ended 
» Noy. 5 after consistent cold weather had 
frozen the core pt ol. The following tabu- 
lation shows how the output of the dredg- 


ing plant steadily increased. 


YARDAGE PLACED IN FORT PECK 
DAM, 1936 


mm 


Cu. Yd. 
3,734,000 
3,697,600 
3,898,750 
4,271,550 
5,062,400 
5,097,000 


Month 





Pumping Plant Bids Called 
On Buffalo Sewer Project 
The Buffalo, N. Y. Sewer Authority will 


open bids on Dec. 8 for the main pumping 
sation on Bird Island of the $15,000,000 
sewer project. The cost of the pumping 
station is estimated at about $860,000. Start 

f construction is planned before the first 
of the year, and work will be completed in 
December, 1937. 

The pumping station will have a daily 
capacity of 570,000,000 gallons. Besides the 
main station on Bird Island, there will be 
two subsidiary pumping stations of lower 
capacity, one in South Buffalo and the other 
in a location not yet selected. The main 
pumping station will be of face brick and 
reinforced concrete construction. It will 
be 140 ft. long, 52 ft. wide, and 36 ft. below 
cround level, There will be six main 
pumps, each driven by a 600 hp. electric 
motor, 


ae 


SOCIETY CALENDAR 


_ ASSOCIATION OF WESTERN STATE 
ENGINEERS, annual meeting, Santa Fe, N. 

; M., Dec. 3-5. 

| SOCIETY FOR THE PROMOTION OF 
ENGINEERING EDUCATION, MIpdLae 

en- ' ATLANTIC Section, fall meeting, New York 

fe 3 City, Dee. 5. 

’ AMERICAN ASSOCIATION OF STATE 

HIGHWAY OFFICIALS, annual meeting, 
San Francisco, Calif., December 7-10. 

+ AMERICAN SHORE AND BEACH PRESER- 
VATION ASSOCIATION, annual meeting, 
Washington, D. C., Dec. 14. 

AMERICAN ROAD BUILDERS ASSOCTA- 
TION, convention and highway exhibit, 
New Orleans, La., Jan. 11-15. 

UNIVERSITY OF COLORADO, highway en- 
gineering conference, Boulder, Colo., Jan. 
14-15. 

AMERICAN ENGINEERING COUNCIL, an- 
nual assembly, Washington, D. C., Jan. 


fade 


ID ib RRA oA A Rk Se 


1! 14-16, 

of | ¥ AMERICAN SOCIETY OF CIVIL ENGI- 

ing | |  NEERS, annual meeting, New York City, 

} = Jan, 20-23, 

16 | | NEW. YORK STATE SEWAGE WORKS 
ASSOCIATION, annual meeting, New York 

ng, j City, Jan, 21-3. 

AMERICAN WOOD PRESERVERS  ASSO- 
€¢ CIATION, annual meeting, New Orleans, 
al La., Jan. 26-28, 

NATIONAL PAVING BRICK ASSOCIATION, 
annual meeting, Detroit, Mich., Jan. 27-9. 





i LICENSE EXAMINATIONS 
oa IOWA, examination for professional engineering 
3 on Dec. 1-2, and for land surveying on 
1.2, and for land surveying on Dec. 3, at 
eel the State House, Des Moines, Iowa. 

1 MICHIGAN, examination for architects at the 
University of Michigan and for engineers and 
surveyors at the University of Michigan, an 
s at Michigan State College and Michigan Col- 

lege of Mines, and at Ironwood, on Dec. 28-30. 
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Pollution Treaty Discussed 
At Interstate Conference 


Representatives of five Ohio valley 
states met at Cincinnati on Nov. 20 in a 
conference called by the governor of 
Ohio (ENR, Aug. 27, 1936, p. 319) to 
discuss the possibility of an interstate 
compact for the control of stream pol- 
lution along the Ohio River and _ its 
tributaries. The states represented were 
New York, Ohio, Kentucky, Indiana, and 
Illinois. 

The meeting resulted in the formation 
of a temporary organization known as 
the Ohio Valley Treaty Commission with 
William F. Wiley of Cincinnati as chair- 
man and Fred M. Waring, Ohio depart- 
ment of health, as secretary. The gov- 
ernor of Ohio Valley states were asked 
to procure from their legislatures author- 
ity to enter a joint treaty for a program 
of stream purification. 

Authority to negotiate interstate com- 
pacts for this purpose was granted by 
Congress in the Citron Act to states in 
the Ohio and Connecticut River Valleys. 


Army Allots Funds for Surveys 
To Supplement Flood Data 


The Secretary of War has approved an 
allotment of $200,000 for additional inves- 
tigations in connection with surveys on the 
Connecticut River in Connecticut, Massa- 
chusetts, New Hampshire and Vermont and 
on the Susquehanna River in New York, 
Pennsylvania and Maryland, under the 
authorization contained in Section 6 of the 
river and harbor act of 1935. That act re- 
quired that the surveys which were au- 
thorized in the river and harbor act of 1927 
should be supplemented by such additional 
study or investigation as the Chief of 
Engineers found necessary to take into 
account important changes in economic 
factors as they occur and additional stream- 
flow records or other factual data. 

These additional studies are made so 
that the major floods of 1936 may be taken 
into consideration in the preparation of 
definite plans for the flood control projects 
in the Connecticut River and Susquehanna 
River basins which are authorized by Con- 
gress in the 1936 flood control act. 

An allotment of $13,000 has also been 
made for similar studies on the Willamette 
River in Oregon, necessitated by important 
changes in economic practice in the Willa- 
mette valley. These investigations are now 
in progress and require additional funds 
for their completion. 


Hoover Medal Awarded 
To Swasey 


The Hoover medal for 1936 has been 
awarded to Ambrose Swasey. This 
medal recognizes public service rendered 
by an engineer. Herber Hoover is the 
only other person to whom it has been 
awarded. Mr. Swasey has achieved an 
international reputation through his re- 
search work in connection with the pro- 
duction of astronomical instruments of 
precision. Besides his various technical 
contributions to the engineering profes- 
sion, Mr. Swasey made the initial gift 
which established the Engineering Founda- 
tion. 
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Mr. Swasey was born in 1846 in Exeter, 
N. H., and learned the machinist trade 
in his native town. In 1870 he entered 
the employ of the Pratt & Whitney Co., 
machinery manufacturers at Hartford, 
Conn. In 1880 he went to Cleveland, Ohio, 
and entered into partnership with W. R. 
Warner, under the firm name of Warner 
& Swasey. 

Mr. Swasey is an honorary member 
and past president of the American So- 
ciety of Mechanical Engineers and an 
honorary member of the American Society 
of Civil Engineers. In 1924 he received 
the John Fritz medal. 


- 
—“o— 


Highway Bodies Will Study 
Road Safety 


The causes of highway accidents and 
the conditions contributing to them are 
the subjects of a joint study to be made 
by the Bureau of Public Roads and the 
Highway Research Board of the National 
Research Council. The Bureau of Public 
Roads is initiating this program under an 
act of Congress of last June which au- 
thorized an expenditure of $75,000 in 
investigating traffic conditions and_ the 
formulation of corrective legislation. 

The study will consist of an analysis of 
the accident records of a large number 
of drivers, covering a considerable num 
ber of years. The study will be confined 
to states and cities where adequate records 
have been kept. 

An advisory committee to assist in the 
study has been appointed. The committee 
consists of Dr. H. C. Dickinson, Bureau 
of Standards; Prof. C. J. Tilden, Yale 
University; Dr. Harry DeSilva, Harvard 
Traffic Research Foundation; Prof. A. 
Lauer, Iowa State College: Robbins PB. 
Stoeckel, Yale University; Sidney J. Wil- 


liams, National Safety Council; Burton 
W. Marsh, American Automobile Asso- 
ciation. 

alli 


Obituary 


J. H. Rostnson, 78, civil engineer and 
county surveyor at Gunnison, Colo., died 
in that city on Nov. 12. 


Wiiu1am Ropes, sanitary engineer died 
on Nov. 20 in New Rochelle, N. Y. at 
the age of 60. Mr. Ropes was a graduate 
of Columbia University with a civil 
engineering degree. He was active in 
government malaria control work in the 
South during the war. 


Opvon O. MELANCON, assistant Louisi- 
ana state engineer since 1929, died in New 
Orleans on Nov. 13 at the age of 50. 
Before becoming assistant state engineer, 
Mr. Melancon, a graduate of the engineer- 
ing college of Louisiana State University, 
had been in private practice for 6 years 
and for 13 years before that had been con- 
nected with the U. S. Engineer Department. 
partment. 


Ernest R. Granwam, architect, died in 
Chicago on Nov. 21 at the age of 68. Mr. 


Graham was the senior partner in the 
Chicago architectural firm of Graham, 
Anderson, Probst & White. He was a 


graduate of Poe College and Notre Dame 
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University. Among the buildings he de- 


signed in Chicago were the Merchandise Terminal 


Mart, the Field Building, the Wrigley 
el the Field Museum, Shedd Cart. RICHARD 
Aquarium, Continental Illinois Bank Engineers Corps, 
suilding, the Union station, the new - "et 

: ss ie. died on Nov. 
postoffice, the Pittsfield building, the vel a 
State Bank of Chicago building, and the s : 


Civic Opera building. Among the struc- 
tures he designed in other cities are the 
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Union Trust, the Union station, and the 
Tower buildings in Cleveland. 


17 at Easton, Md. at the 
Captain Hollyday was a grad- 
uate of Washington and Lee University. 
He later studied law and was admitted to 


Captain Hollyday was appointed 
engineer in the Navy with thx 
lieutenant, junior grade. He } 
lieutenant in 1897, lieutenant c 
in 1902, and commander in 1906 
he was appointed chief of the PB 
Yards and Docks, holding that 
until 1912. He had attained th: 
captain in 1911. In 1912 he was 


Civil 


HoL.Lypay, 
; retired, 


S. Navy, 


Reuiteble, the Flatiron, and the Chase practice. For four years he was in the to duty in the Washington Navy 
National Bank buildings in New York employ of the Baltimore & Ohio Railroad 1915 to the Norfolk Navy Yard 
City; the Union station and general post as an assistant engineer and later as works officer, and in 1918 to 1 
office in Washington, D. C.; and the engineer of maintenance of way. In 1894 York Navy Yard. He retired in 





3; NGINEERING construction awards, representing a short 

week due to Thanksgiving Day, total $50,152,000, of which 
private is $18,481,000; public, $31,661,000; federal, $7,517,000; 
state and municipal, $24,144,000. Corresponding values for a 
similar short week last year are: total, $41,863,000; private, 
$7,772,000; public, $34,091,000; federal, $3,662,000; state and 
municipal, $30,429,000. 

Volume is higher this week in waterworks, sewerage, bridges, 
industrial buildings, earthwork, irrigation and waterways, and 
unclassified. The subtotals by classification are: industrial build- 
ings, $12,342,000; commercial buildings, $3,707,000; public build- 
ings, $6,957,000; highways, $6,318,000; bridges, $3,998,000; sew- 
erage, $4,367,000; waterworks, $834,000; earthwork, drainage, 
$3,206,000; unclassified, $8,413,000. 

The larger awards for the week include: power plant, Williams- 
burgh Power Plant Corp., Brooklyn, N. Y., $4,350,000; pulp plant, 
Brunswick Pulp and Paper Co., Brunswick, Ga., $3,500,000; plant 
improvements, Moline-Rock Island Mfg. Co., Bettendorf, Iowa, 


CONTRACTS 

(Thousands of Dollars) 

Weekly Average Week 
Nov. Prev. 4 Nov. 26 
19385 Weeks 1936 


Federal Government $3,797 $4,089 $7,517 
State and Municipal 22,871 20,988 24,144 


CONSTRUCTION STATISTICS FOR THE WEEK 


$1,500,000; superstructure, Laurel Homes Housing Project, ( 


cinnati, Ohio, $3,690,000; highways, by Illinois, $2,193,000: 
structure for double leaf trunnion bascule bridge, Chica; 
$655,000; substructure and superstructure, bridge in ( 
County, State Highway Commission, Florida, $825,000; 5 
diversion sewer, Chicago, IIl., $1,208,000; 3 Diesel engine «i: 
steel sludge vessels for Wards Island Sewage Treatment 
Section 4, Contract 0, Department of Sanitation, New York, > 
$1,497,000; vertical lift gates and hoisting machinery at Ems 
Dam, Emsworth, Pa., $816,000; Dam No. 14, LeClaire, 
$1,980,000; subway under 6th Ave., from 47 to 53 Streets, S 
11, Route 10, New York, N. Y., $4,616,000; 20,000 tons stee! 
Union Pacifi¢ Railroad Co., Omaha, Nebraska, is estimat 
$800,000. 

New capital for the week includes PWA allotments, $2,760, 
corporate security sales, $554,000; and state and municipal | 
sales, $35,034,000, the largest week’s financing this year 
public works financed by private investment. 


CONTRACTS- WEEKLY AVERAGE 
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Total public...... $32,668 $25,077 $31,661 

Total private..... 6,075 14.286 18,481 

Week's total......$38,743 $39,363 $50,142 
Cumulative to date: 

1935. .$1,354,645,000 1936. .$2,120,544,000 


NEW PRODUCTIVE CAPITAS. 
(Thousands of Dollars) 





Week Cumu- 

1936 Nov. 26 lative 

State and municipal $35,034 $479,775 

PWA_ non-federal.. 2,760 

RFC loans...... jee “ 
Corporate issues. ... 554 3s, 8 
PWA loans, Private —1,665* a 
— > i ° 
Total Non-Federal $38,348 $892,638 a 
Federal eons oa 691,237 
——_ — — _ 1} 
Federal ae — . aaa = 
Total new capital $38,348 $1,583,875 ° 
Cumulative to date: = 
1935. .$2,645,927,000 1936. .$1,583,875,000 : 


* Bond sales in this classification exceed 
reallotments during current year. 


Note: These figures include private bonds, 
and stocks sold for productive purposes; 
state and municipal bonds for construction ; 
PWA loans and grants to states and munici- 
palities. RFC direct purchase of bonds for 
‘self liquidating” projects, and 25 per cent of 
WPA construction appropriations. 


INDEX NUMBER 


EN 1913 1926 EN 1918 1926 > 
Cost = 100 = 100 Volume = 100 = 100 pe 
Nov., 1936. 212.70 102.24 Oct.,1936..178 78 c 
Oct., 1936...211.50 101.67 Sept., 1936 .200 88 4 
Nov., 1935..194.90 93.69 Oct., 1935..162 71 = 
1935 (Av.)..195.22 93.84 1935 (Av.)..135 58 a 
1934 (Av.)..198.10 95.23 1934 (Av.)..114 50 

1933 (Av.)..170.18 81.80 1933 (Av.)..102 47 





CUMULATIVE CAPITAL 


AND ENGINEERING 
CONSTRUCTION CONTRACTS AS REPORTED 
BY ENR 
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Current Construction Unit Prices 





Dam 14, Mississippi River 


IDS were opened Nov. 5, 1936, by the U. S. District 
Engineer, Rock Island, IIl., for the construction of 
Dam 14, one of the units in the 9-ft. canalization program 
of the Upper Mississippi River, located 4 mi. below Le 
Claire, Ia. The dam will be 2,700 ft. long to join the 
Illinois shore and Lock 14, which has just been completed 
on the Iowa side of the river. The structure includes four 
20x100-ft. roller gates and thirteen 20x60-ft. tainter gates, 
a 200-ft. storage yard and 1,127 ft. of earth dike. Work 
must be completed within 730 calendar days. Minimum wage 
rates stipulated in the contract range from 50c. for common 
labor to $1.25 for bricklayers. 


Six bids were submitted, with a spread of $338,751 be- 
tween lowest and highest. The engineer’s estimate was 
$2,190,031, or $210,169 above the low bid. Unit prices sub- 
mitted by the three low bidders follow: (A) Central En- 
gineering Co., Davenport, Ia. (contractor on the adjoining 
lock) $1,979,862; (B) Massman Const. Co., Kansas City, 
Mo., $2,096,451; (C) United Const. Co., Winona, Minn., 
$2,117,220. 


DAM No. 14. MISSISSIPPI RIVER 


Item A B Cc 







1. Cofferdam—1,448 lin.ft................. $104.00 $150.00 $100.00 
2, Clearing—lump SUM. .....ccececsescees 250.00 500 .00 721.00 
3. Excav., common—l, 000'cu.yd.... 2.1...) 0.15 0.60 .94 
4. Excav., topsoil—2,500 cu.yd............ 0.20 .40 .76 
5, Excav., rock—45,000 cu.yd............. 2.71 2.00 2.74 
6. Channeling, rock—16,000 sq.ft.......... .95 1.10 1.30 
7. Grout holes; first 10 ft. —14 400 lin.ft...... .40 .60 1.44 
8. Grout holes, second 10 ft. —700 lin.ft.. 2): 45 .75 1.44 
9. Pressure grouting, cemen sé 6.50 7.00 7.64 
10, Fill, common—1,200 cu.yd.............. .60 .55 1.00 
11, Embankment, dike—45, 00 RS ass ce 45 .60 .43 
12. Piling, timber—1,600 lin.ft hotee anetaneeé 45 -65 1.67 
13. Piling, concrete—1,170 linft............ 1.75 3.75 4.08 
14. Piling, 23 Ib. steel sheet—8,000 sq ft nhs .93 1.50 1.31 
15. Piling, 22 lb. steel aoe 500 sq.ft . .50 .80 .74 
16. Timber, white oak—4 M.f.b.m.......... 200.00 200.00 252.00 
17. Timber, soft wood, plain — creo.—50 
Eee ty er re 158.00 200.00 170.00 
18. Stone, rock fill—40,000 cn.yd.. cate .56 1.00 1.44 
19. Stone, crushed or gravel—700 cu. Lyd. Rois. 2% 1.40 3.00 3.02 
20. Concrete, Class A—775 cu.yd........... 21. 50 25.00 30.7 
21. Concrete, Class B—40,000 cu.yd......... 12.39 12.60 12.87 
22. Concrete, sl Se ORS neces ees 12.50 12.00 14.09 
23. Steel, service bri 1,975,000 Ib....... 0.063 .065 .07 
24, Steel, wall armor—92,000 Ib............ 0.043 .065 ake 
25. Steel, tainter gate,mov. parts—1,825,000 Ib. 0.0845 .085 .08 
26. Steel, roller gate, mov. parts—1,236,000 Ib. . 1285 115 ll 
27. Steet, mise. struct.—965,000 Ib........... 072 2 .10 
28. Steel, struct., manganese—263,000 Ib..... 0935 -10 10 
29. Steel, struct., chromium—75,000 Ib. ..... 1075 .10 15 
30. Steel, reinf.—1,260,000 Ib............... 043 .05 05 
3). Steel, corrosion-resisting—22,000 vtecee 6435 .65 . 86 
32, Forgings, steel—325,000 Ib.............. .109 .1l .14 
33. Forgings, nickel steel—2,900 Ib ......... 564 .57 .60 
34. Forgings, chromium steel—17, 800 ib... .22 122 125 
35, Castings, steel—300,000 Ib.............. .151 15 .18 
36. Castings, alloy-steel—42, ae . 185 .19 -22 
37. Castings, iron—1,680 Ib. .............4. .132 .14 oun 
38. Bronze—11,250 Ib...... icdawesenn odes .729 75 .87 
SO, MIE onc cn iS cencecs . 289 .30 -72 
40. Pipe, 3-in. w.i. std. bike —300 lin. Pesacuhas .85 .90 -26 
41. Pipe, 18-in. oaeert, Sa 1.65 2.00 2.50 
rrr eee .32 .50 .42 
43. Fiber conduit, a in.—10 lin. aa .65 1.00 .79 
44. Fiber conduit, 2 in.—920 lin.ft.......... .42 -75 .65 
45. Rigid metal conduit, 3 in.—130 lin.ft..... 1.40 3.00 3.61 
46. Rigid metal conduit, 2 in.—120 lin.ft..... .85 2.50 2.81 
47. Rigid metal conduit, 14 in.—565 lin ft. .75 2.00 1.80 
48. Rigid metal condu.t, 14 in.—30 lin.ft..... .65 2.00 1.80 
49. Rigid meta: conduit, 1 in.—165 lin.ft..... .55 1.50 .94 
50. — etal conduit, } in.—240 lin.ft..... .50 1.40 .65 
51, El ing m—total. . 450.00 500.00 577.00 
52. Cuene track, Ib. rail—1,685 trk.ft 4.10 4.10 3.99 
53. Handrail, steei pipe—1, 730 1in.ft.. 2.28 2.30 2.31 
54. Steel floor grating —236 “eer es 1.42 1.45 1.08 
55. Moulded rubber PEN S.i < esha 1.00 1.00 1.08 
56. Central control sta., complete—total Ee 23,500.00 22,500.00 15,000.00 
57. Roller gate oper. mach.—4 each......... 23,550.00 22,500.00 24,517.00 
58. Roller gate mach., spare parts-—1 - cent 910.00 910.00 4,326.00 
59. Roller gate oper. house—65 each. .... 4,500.00 5,000.00 5,487.00 
60. Tainter gate oper. mach.—13 Sls acs 14,090.00 14,090.00 10,816.00 
61. Tainter gate spare parts—1 lot.......... 250.00 250.00 319.00 
62. Tainter gate mach. spare at lot . 8,515.00 8,515.00 8,326.00 
63. Tainter gate heater—6 each............. 750.00 750.00 865.00 
64. Tainter gare heaters, spare at lot... 345.00 345.00 400.00 
65. Roller gate heaters, complete—4 each. 2,790.00 2,790.00 4,038.00 
66. Roller gate heaters, spare parts—1 lot... 885.00 885.00 2,625.00 


67. Install. locomotive crane on serv. bridge— 


job . 1,500.00 3,850.00 2,124.00 
68. Storage yard truc k—10 each 490.00 490.00 577.00 
69. Service bridge truck—2 each. . 710.00 710.00 865.00 





Fresno Dam, Montana 


ONSTRUCTION of an earth dam, 2,100 ft. long and 

80 ft. high, is proposed on the Milk River in Mon- 
tana, 25 mi. south of the international boundary and 2 mi. 
west of the junction of U.S. Highway 2 and the Great 
Northern R.R., in accordance with bids submitted Oct. 30, 
1936. The project is financed through PWA and is sched- 
uled for 1,100 days completion with minimum hourly wage 
rates stipulated of $1.20 for skilled and 50c. for common 
labor. The government furnishes f.o.b. Fresno and dam 
site, cement, sand, stone, gravel, reinforcing steel, sheet 
piling, sewer pipe, drainage pipe, and all metal parts and 
mechanisms for permanent installation. The project is under 
the U. S. Bureau of Reclamation, Malta, Mont., office. 

The unit prices, totals and quantities submitted by the 
three low bidders are given in the following tabulation: (A) 
Wachter-O’Neill Const. Co. and McGarry Bros., Bismarck, 
N. Dak., $980,804; (B) Tomlinson-Arkwright Const. Co. 





and J. L. McLaughlin, Great Falls, Mont., $1,195,937; (C) 
Martin Wunderlich, Jefferson City, Mo., $1,302,749. 
FRESNO DAM, MILK RIVER, MONTANA 
Item A B © 
1. Diversion, care of river—total................. $15, - $7,500 $10,000 
2. Excav., strip borrow pits—73,000 cu.yd......... 10 .10 23 
3. Excav., strip embankment—111,000 cu.yd. 15 15 35 
4. Excav., spillway, tunne! inlet- —321 ,000 cu.yd.. . 265 35 “60 
5. Excav., outlet tunnel—4,500 cu.yd........ a 12.00 12.00 12,00 
6. Excav., toe drains, cutofis—200,000 cu.yd....... .25 43 .35 
7. Excav., concrete cutoff wall—400 cu.yd......... 5.50 1.50 2.00 
8. Excav., earth, borrow—1,975,000 cu.yd......... .165 .21 22 
9. Excav., rock, borrow—36,000 cu.yd............ 2.10 4.00 3.00 
BE, Te Gig ov eccccccccwecesccsecs .35 .60 .50 
11. Earth fill embankment—1,725,000 cu.yd........ .05 .03 .04 
12. Compacted earth fill—700 cu.yd.. ............. 1.00 1.10 2.00 
13. Rockfill, downstream slope—147,000 cu.yd...... 20 .16 .20 
14. Riprap, upstream slope—41,500 cy. ee .25 .20 .50 
15. Dumped riprap in spillway—8, 600 cu.yd. : .25 .20 .50 
16. Sewer pipe drains, 4 in., porous conc 1,32& lin ft. .t5 1.00 70 
17. Sewer pipe drains, 4 in., gravel—575 in, ft. : .25 60 50 
18. Sewer pipe drains, 6 in., porous cone.—1,200 lin ft. .85 1.10 .80 
19. Sewer pipe drains, 6 in., gravel—715 lin.ft..... .30 70 60 
20. Sewer pipe drains, 8 in., porous cone.—770 lin. ft. 95 1.25 1.00 
21. Sewer pipe drains, 8 in., gravel—1,400 lin.ft..... 35 80 a 
22. Sewer pipe drains, 10 in., porous conc.— 350 lin.ft. 1.05 1.40 1.20 
23. Sewer pipe drains, 12 in., gravel—2,000 lin.ft.... .40 .90 1.00 
24. Lay 18 in. sewer pipe—40 Sida vdeatsevvvs 2.00 2.00 1.50 
25. Lay 12 in. corr. perf. pipe—2,800 lin.ft.......... .40 .50 .50 
26. Lay 15 in. corr. perf. pipe—3,000 lin.ft.......... .40 .60 .60 
27. Gravel fill for drains—500 cu.yd .............. 1.00 .80 1.00 
28. Timber, pump sumps, shafte—40 M.B.M. a 20.00 100.00 50.00 
29. Porous conc. floor spillway basin—420 cu.yd. 6.00 8.00 10.00 
*30. Drill’ weep holes—1,000 lin.ft.................. 1.00 1.50 1.00 
31. Drill — holes to 25 ft.—1,200 lin.ft.......... .75 1.00 1.00 
32. Install grout, pipe fittings—42, Se 5 .03 .04 05 
33. Pressure grout, cement—1,300 cu.ft......... a5 1.00 2.00 1.00 
34. Pressure grout, clay—6,750 cu.ft........... ns .50 .20 .50 
35. Drive steel sheet piles—7,000 Ib................ .10 .16 .12 
36. Drill for anchor, grout bars—2,640 lin.ft........ 1.00 .60 1.00 
37. Concrete embankment cutoff—500 cu.yd........ 8.00 10.00 10.00 
38. Concrete, trash rack—210 cu.yd. .............. 14.00 22.00 18.00 
39. Concrete, outlet conduit—470 cu.yd............ 16.00 18.00 18.00 
40. Concrete, tunnel lining—1,100 cu.yd............ 18.00 23.00 18.00 
41. Concrete, gate chamber—550 cu.yd... coosese 18.00 24.00 18.00 
42. Concrete, spillway floor—6,700 cu. yd.. Baa a Sas ; 6.00 6.00 8.00 
43. Concrete, spillway, except floor—3,600 cu.yd.... 14.00 13.00 14.00 
44. Concrete, control house—65 cu.yd.............. 18.00 30.00 40.00 
45. Concrete, » parapet, curb walls 310 IIE. a6 50 12.00 13.00 10.00 
46. Place reinforcing bars—1,730,000 Ib.......... : 015 .02 015 
47. Steel tunnel liner plates—115, NS, oe i cive x 08-0 .02 .08 06 
48. Install metal sealing strips—1,400 lin.ft......... 15 .50 .50 
49. Special concrete surface finish—1,200 sq.yd.. ... .50 50 1.00 
50. Construct control house, except conc.—total.... 500.00 300.00 500.00 
51. Grouted paving—1,450 sq.yd.................. 1.50 4.00 3.00 
52. Install trash rack anion 50,000 Ib. j .02 .03 .03 
53. Install slide gates, metal cond. :linings—225, 000 Ib. .04 .05 .02 
54. Install gate controls—8,000 Ib................. .10 .12 .10 
55. Install outlet pipes—164,000 Ib................ .02 .03 .02 
56. Install metal stairs, eee, 000 Ib.. .04 .05 10 
57. Install pipe handrails—6,000 Ib...............- .05 .06 .10 
58. Install misc. metal work—54, 000 Ib. . ; .05 .10 .10 
59. Install elec. metal conduit, to 11, in. —650 lin-ft. .20 .20 .20 
60. Install elec. conductors, apparatus, ete —total... 500.00 300.00 500.00 
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Current Construction Unit Prices 


Highway Bridges and Underpass, Maine 


HREE reinforced concrete and structural steel bridges 

and one underpass are now being built under contracts 
awarded in August and September, 1936, by the Maine state 
highway commission. On three of the projects separate 
contracts were let for substructure and superstructure. The 
quantities, total bids and unit prices of the three low bid- 
ders on each of the seven contracts are given in the follow- 


ing tables. L. D. Barrows is chief engineer of the com- 
mission. 


I — Morse Bridge, Androscoggin River, Rumford 
(A) Wyman & Simpson, Inc., Augusta, Me. (contract) 
(B) Pittsburgh-Des Moines Steel Co., Pittsburgh, Pa 
(C) Jos. P. McCabe, Inc., So. Boston, Mass 


Il — Fairground Underpass, Lewiston 
Substructure: 
(D) Wyman & Simpson, Inc., Augusta, Me. (contract) . f 
(E) Jos. P. McCabe, Inc., So. Boston, M 89 ,603 
(F) Hector J. Cyr Co., Waterville, Me 96 ,431 


Superstructure: 

(G) Phoenix Bridge Co., Phoenixville, Pa. Soares i 39,362 
(H) American Bridge Co., Boston, Mass... .. ‘ 40,896 
(J) Bethlehem Steel Co., Bethlehem, Pa 42,174 


Ill — Saco River, Biddleford and Saco 
Substructure: 
(K) J. H. Simonds Co., Portland, Me. (contract) .. 
(L) Jos. P. McCabe, Inc., So. Boston, Mass... 
(M) Simpson Bros. Corp., Boston, Mass 


Superstructure: 

(N) Harris Structural Steel Co., New York, N. Y. (contract). ... 
(O) Pittsburgh-Des Moines Steel Co., Pittsburgh, Pa 

(P) Phoenix Bridge Co., Phoenixville, Pa 


IV — Bull's Eye Bridge, Kenduskeag River, Bangor 
Substructure: 
(R) W.H. McPherson, Bangor, Me. (contract). . 
(8) Hector J. Cyr Co., Waterville, M 
(T) Cyr Bros. Co., Waterville, Me 


Superstructure: 

(U) Boston Bridge Works, Cambridge, Mass. (contract) 
(V) American Bridge Co., Boston, Mass 

(W) Bethlehem Steel Co., Bethlehem, Pa 


MAINE HIGHWAY BRIDGES 
I — Morse Bridge, Androscoggin River 


Item A B 


. Move superstructure—total $25 ,000 $80 ,¢ 000 $45 -< 
. Remove substructure, approaches—2,270 cu.yd. 
: Cofferdams—total . 
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of abutments, 6-18 ft.—120 cu.yd 
. Execav. piers, 6 ft.—65 cu.yd 
Excav. piers, 6-18 ft.—130 cu.yd 
Excav. piers, 18 ft. plus—260 cu.yd 
Level ledge—35 sq. yd 
Rock excavation—25 cu.yd 
. Concrete abutments—760 cu.yd 
Concrete piers—520 cu. yd 
. Concrete sidewalks, roads—52 cu.yd 
. Concrete wearing surface—15 cu.yd 
Concrete rail—99 lin.ft. 
Concrete light te—4, each 
Elec. light con _ lin.ft 
3. Cement—1,780 bbl 
Reinforcing steel—15,500 Ib..... 
. Place reinforcing steel—15,500 Ib 
Struct. steel—67,000 Ib 
. Struct. steel placed—67,000 Ib... .. 
3. Backfill—160 cu.yd 
. Approach fill—450 cu.yd. . 
Riprap—250 cu.yd 
Gravel surfacing—350 cu.yd 
. Concrete sidewalks—10 cu. yd 
3. Junction boxes—2, each 
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Il — Fairground Underpass 
Item Substructure 


. Maintain traffic—total 
Excav. ? abutments, walls, roadways—19, - 
cu.y 
. General excavation—3,000 cu. yd. 
. Concrete cribbing—6.5 cu.yd 
. Crib fill—32 cu.yd 
. Concrete, abutments, retaining walls—2,7 
cu.yd 
. Concrete, culverts, cradles—40 cu.yd 
’. Concrete bridge deck—25 cu.yd 
9. Cement—5,100 bbl. . 
10. Reinforcing steel—45,000 Ib. 
11. Place reinforcing steel—45.000 Ib... 
Backfill—4,100 cu.yd. . ad 
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. Riprap—75 cu.yd 

. Gravel base—1,900 cu.yd 
. Gravel surfacing—325 Ns 460 $6450 

. Concrete, roadway, curbs—890 cu. yd. 

. Bituminous treatment—150 gal.. 

. Cobble stone cutter—190 sq.yd 
. Gravel fill—200 cu.yd............. seswensne 
. Crushed stone fill—175 cu.yd 

. Drop inlets—5, each 

. Catch basins—3, each 

. Manholes—6, each 

. Cast iron grates—8, each é 

. Manhole covers, collars—6, each...... saas ix 
. C.1. grates, 8 in. pve, each 

. C.1. scuppers—10, ea 

. Orn. iron fence—260 lin.ft 

. Waterproof bridge deck—500 sq.yd 

. Reinf. conc. pipe, 12 in.—14 lin.ft.......... 
. Reinf. conc. pipe, 15 in.—6 lin.ft 

. Reinf. conc. pipe, 20 in.—5 lin.ft . 

. Reinf. conc. pipe, 24 in.—1,560 lin.ft.. 

. C.I. pipe, 6 in —46 lin. ft 

5. C.1. pipe, 8 in.—140 lin.ft 

. Perf. asphalt, metal pipe, 4 in.—650 lin.ft 

. Perf. asphalt, metal pipe, 6 in.—610 lin.ft 

. Vitrif. clay pipe, 6 in.—10 lin.ft 

. Vitrif. clay pipe, 8 in.—25 lin.ft 

. Vitrif. clay pipe, 10 in.—440 lin.ft .... 

. Vitrif. clay pipe, 12 in.—500 lin.ft 

. Vitrif. clay pipe, 20 in.—375 lin.ft. 

. Corr. metal asph. cov. pipe, 10 in. —50 lin. ft. 
. Relay 6 in. vitrif. clay pipe—30 lin.ft. 
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Item Superstructure 


1, Struct. steel fabricated—852,000 Ib..... 
2. Struct. steel erection—852,000 Ib. ... 


III — Saco River 


Item Substructure 
1, Remove existing struct.—total . . 
2. Remove substruct.—840 cu.yd 
3. Maintain traffic—total. .. 
4, Cofferdams—total 
§. Excav. abutments to 6 ft.—110 cu.yd 
6. 
7 
8. 
9, 
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. Excav. piers to 6 ft.—155 cu.yd 
. Excav. abutments, 6-18 ft.—5 cu.yd 


— 


Excav. piers, 6-18 ft.—60 cu.yd...... dawededcs 
Level ledge—25 sq.yd 
Rock excav. piers—5 cu.yd...........+. osee 
. Wood piles—2,325 lin.ft 
. Concrete abutments—150 cu.yd 
. Concrete piera—580 cu.yd. ........... ocenee 
Concrete bridge slab—201 cu.yd 
5, Concrete wearing surface—100 cu.yd 
Concrete rail—285 lin.ft 
. Cement—1,440 bbl.. 
’ Reinf. steel—59,780 Ib. 
9. Place reinf. steel—59,780 Ib...........-005 
. Backfill—130 cu.yd 
. Approach fill—7,000 cu.yd...... osu 
. Stone fill—120 cu.yd 
. Gravel base—-1,300 cu.yd 
. Gravel surfacing—280 cu.y' 
5. Guard rail on aegnontine-t, 780 lin.ft 
. Cable anchorages—4, ea 
. Cable anchorages ont bridge—10, each.. 
. Cast iron drains—24, each.............+. coee 
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Superstructure 
1, Struct. steel fabricated—494,000 Ib 
2. &truct. steel erection—494,000 Ib. ..... 
3. Bronze plates—166 Ib 
4. Bronze plates erected—166 Ib 
5. Steel rail—456 lin.ft............ oveswes e8eee 
6. Steel rail erected —456 lin.ft oe 


IV — Kenduskeag River 
Item Substructure 


. Remove peminntas Pe ee TT eee «+++ $250.00 

. Remove substruct. and fill—800 cu.yd 

. Maintain traffic—total 

. Cofferdams—total 

. Excav. abutments to 6 ft.—900 ou.yd........ 
Excav. _——- 6-18 ft.—600 cu.yd...... 

Level | yd 

. Rock excav. to 6 fe me i00 cu.yd . 

. Wood piles—3,000 ft. 

. Concrete abutment—1600 cu.yd. 

. Concrete roadway slab—100 cu.yd 

Concrete wearing surface—45 cu.yd 


. Reinf. steel—39,500 Ib....... 
. Place reinf. steel—39,500............ 
. Backfill—600 cu.yd 
. Approach fill—1,800 cu.yd 
Riprap—120 cu.yd ° 
. Gravel surfacing—220 cu.yd............ 
. Guard rail—350 lin.ft 
. Anchorages, bri > pwuaeéne 
. Anchorages, outside—4, each....... saa 
. Cast iron drains—16, each 
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Superstructure 
. Struct. steel fabricated —340 000 Ib....... 
. Struct. steel erection—340,000 Ib. .........6. 
. Rail, delivered—420 lir.ft 
. Rail erected—420 lin ft. 
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